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WORKS OF CHARLES CAMMELL 
COMPANY, LIMITED, SHEFFIELD. 


AMONG the great iron and steel producing estab- 
Pebments of England, the colossal works of Messrs. 


& 


Mharles Cummell & Company, Limited, of Sheffield, are gear \ 
; source) are in an adjoining building. 


¥o be classed in the very foremost rank. 

On stee! being exclusively adopted for the produc- 
tion of heavy ordnance, Messrs. Cammell successfully 
entered into the business, and in consequence of an i 
greased call for this work and heavy marine forgings, 
Jarge forged cylinders, ete.,a very powerful forging 

s was erected at the Grimesthorpe Works. This | 
ene of the most powerful machines of its kind in| 
@xistence. Attached to this press are two very power- 
, traveling cranes with a lifting power of 150 tons | 

h. It was also found necessary to erect larger open | 
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is worked by hydraulic pressure of 2'¢ 
square inch, and hastworams. It is truly a ponder- 
ous piece of mechanism. This, with its complement of 
reheating furnaces and cranes, are all the shop con- 
tains. The engines tosupply the power (the cranes 
and manipulating gear are worked from another 
i They have a 
pair of horizontal cylinders 36 inches in diameter and 
5 foot stroke, the steam pressure being 70 pounds. 

The pumps are worked direct from the crank shaft 
by return rods, and there is no accumulator.—Engi- 
neering Review. 
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SINKING SHAFTS BY THE FREEZING 
PROCESS. 


THE Mining Company of Anzin, in France, in the 
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that offered any hope of success, and it was, therefore, 
adopted. 

Briefly let us notice that the Poetsch freezing pro- 
cess was invented to soldify a quicksand, so as to pro- 
vide an ice dam to keep back tbe sand and water, 
until the sinking had progressed through it, and a per- 
manent dam had been fixed within the ice one. 

But in this case the conditions that give preference 
to the Kind Chaudron process of boring a shaft 
through water-bearing rocks would not apply to a 
quicksand. It was therefore imperative that not only 
the Tertiary quicksand, but the secondary chalk 
should be frozen to restrain the outrush of its high- 
pressed water. This the latest triumph of the Poetsch 
process is a marvel not only in mine engineering, but 
in the application of science to art, for it attempted 
nothing less than freezing a saturated rock mass or a 
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THE PRESS SHOP OR “CATHEDRAL,” AT THE WORKS OF MESSRS. C. CAMMELL & CO. 


hearth melting furnaces here, some of which take a 

large of forty tons. These works are thus enabled to 
Produce steel forgings or castings of any weight and 
ize up to 120 tons. 

Quite recent experiments having proved the greater 
Feistance of mild homogeneous steel * Harveyed”™ ar- 
Mor plates over other svstems of production, Messrs. 

mell were again foremost in the field, and have 
Prected plant and machinery for the manufacture of 
his class of armor which are assuredly second to 
‘Bone, ‘ 

In a recent test the trial plate withstood the impact 
” torged steel shot fired at the extreme 
which have splashed against tie face 
) penetration, and not the slightest sign 
ack, 
all their works the company employ 


Of five * Holtzer 
ity, all of 
with little or ne 
€ven a hair 
roughout 
at 10.000 men. 
® press shop is an exceptionally fine building and 


kvown in the works as the “cathedral.” The press 


boring at Vieq, a place southeast of Thiers, found at! 


a depth of about 10 feet below the surface a quick 
sand about 20 feet deep. A few feet lower down 
through a bed of argillaceous sand of Tertiary age, 
they found a deposit of chalk of Cretaceous a 

fissures and cracks, and shedding a large volume of 
water at such a high pressure, that it came gushing 
out at the surface; the line of the bore hole having 
cut into the center of the chalk measure basin, that is 
overlaid with compact impermeable Tertiary rocks. 
The cracks and water shedding continued down to a 


gigantie rock cylinder about 21 feet in diameter and 
330 feet long. Before the surface of the sites of the 
shafts was broken, it was designed to sink two large 
round shafts 40 yards apart, one to be finished as the 
winding shaft 16 feet 5 inches in diameter and the other 
12 feet in diameter. 

To safely inclose, however, the section of shaft, as 
cut in the rock, the diameter of the cylinder of frozen 
rock was fixed at 21 feet for the large shaft and 17 feet 
8 inches for the small one. 

It will be seen that the rock required to be frozen 


depth of 42 fathoms, or 252 feet, when a bed of bonne “before the stinking was commenced, and for the inser- 


pierre (meaning good stone) was reached. 
was a compact limestone suitable for building pur- 
poses, and after passing through a bed of chalk (with | 
flints) 41 feet thick, and at a total depth of 55 fathoms, 
the rock called the bleus was reached. This rock is a 
strong, impermeable stratum 3644 feet thick. As the| 
water-bearing measures at Vicq have a depth or thick- | 
ness of 110 yards, the freezing process was the only one 





This bed | 


tion of the freezing tubes, holes had to be provided, 
and they were made 6 inches in diameter ona 330 feet 
deep in passing through the chalk, but the holes had 
to be made larger down to the bonne pierre to obtain 
a watertight joint in that rock, for the piezometric 
level of the water in the chalk is above the surface 
level of the holes, and they had therefore to be lined 
with sheet iron tubes 10°25 inches in diameter, which 
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were made watertight to the chalk water, so as to 
prevent it escaping up the hole outside of the tubes, 
and this was done by drilling the hole into the bonne 

jerre, and setting the bottoms of the tubes into a 
oundation of cement. 

The upper ends of the lining tubes were carried | 
above the piezometric level, to prevent an outs | 
from the chalk during the freezing, for unless the 
chalk water was at rest in situ, it could not be frozen. 

To freeze this cylinder of rock for the large shaft, 
the bore boles were cut around a cirele 22 feet in 
diameter, and there were 20 holes in the circle, all a 
meter, or 304¢ inches apart. 

For the small shaft there were 16 holes in the cir 
cumference of the circle 17 feet in diameter. 

After the holes were drilled the circulating pipes 
were fixed, the outside tubes were 5 inches in diameter 
and the inside ones were 1,4 inches in diameter. The 
circulation of the cold fluid is a pretty illustration of 
the multiple splitting of fluid currents. All the small 
pipes were branches from a ring pipe that distributed 
the eold fluid into them, and tie large or outside tubes 
were connected toa ring pipe that collected the _re- 
turning fluid and passed it on to the refrigerator. The 
small tubes entered the large ones through a water- 
tight cap, The result was the cold fluid passed down 
the inside small tubes, and returned up through the 
annular space between the small and large tubes, 
doing the work of chilling and freezing until it col- 
lected in the top ring. Thus in each hole there was a 
double colamn of tubes, one within the other. 

The freezing was effected in six months, when the 
miners began to sink within the ice eylinder; the 
average daily advance with the sinking was 13 feet. 
The medium for the transmission of cold was a 
saturated solution of chloride of caleium., The re- 
frigerator was the Linde machine. The total length 
of piping required for the circulation of water, steam, 
chloride of calcium, and ammonia was about ten miles, 
and the example before us is the grandest of its kind 
known in the modern achievements of mine enygineer- | 
ing.—Colliery Engineer. 
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HALF A CENTURY OF CYCLES. 

“WHOEVER invented the bicycle,” says Lord 
Charles Beresford, “deserves the thanks of human- 
ity.” And this brings us to the question, “Who 
did invent the bieycle ?” It must be conceded at once 
that to no one individual can we award the palm of 
merit, or pay the debt of gratitude Lord Charles 
Beresford enjoins upon us. The bicycle, as it stands 
to-day, has passed through a period of evolutions of 
the most variform kind, a long series of invention 
after invention combining to make one of the most 
interesting records in the realm of mechanical science. 

The dandy, or hobby, horse is of course associated 
in the minds of most people with the mention of the 
origin of the bicycle, but the best that can be said for 
this cumbrous vehicle is that it contained the germ of 
the idea which was destined to be so fully developed— 
namely, that the rider should be seated while traveling 
by his own efforts on a single track. Steering and 
balancing were still unthought of. 

The original hobby horse is believed to have ap 
peared in Paris in 1808, and the connecting bar be- 
tween the wheels was carved to represent in some 
degree a horse. But in 1818 an improved pattern was 
patented in France by a German, the Baron Von Drais, 
of Saverbrun, near Frankfort. A London coach- 
maker—Dennis Johnson by name—soon afterward 
constructed a similar machine, which he dubbed “the 
pedestrian’s curricle, or dandy horse.” Fora time it 
was all the rage, and Mr. Johnson did a brisk business, 
bat the earicaturists and its own inherent defeets com- 
bined to kill this form of curricle. Among those who 
had ridden it, and “lived to tell the tale,” was Mr. 
Robert Lowe, who thus early manifested a taste for 
which, long years afterward, as Lord Sherbrooke, he 
was so well known. The dandy horse was revived 
abroad and improved in 1880 by M. Dreuze, of the} 
French post office, for the benefit of the rural post- | 


men; but, after a time, even they were forced to) 
discontinue its use. Until quite recently it was sup- 
posed that nothing more was done in the way of 


two-wheeled appliances for many years, though all 
manner of clumsy “ velocipedes,” ‘ accelerators,” 
**manivelociters,” and the like, baving three or four 
wheels, were from time to time invented. 

THE FIRST CRANK-DRIVEN BICYCLE. 

But within the last five years two discoveries have 
beer made. An old wooden and iron machine was 
exhibited at the Stanley show of 1889, which differed 
from the hobby horse in the all impertant particular 
that it bad cranks and pedals—though of a very 
primitive kind—and was, therefore, a practical bicy- 
cle, in that it was not propelled by alternately strik-} 
ing the road with the toes, but by continuous ped- 
aling, involving the art of balancing and the keeping 
of “an even keel.” This machine was the product 
of one Gavin Dalzell, a cooper, of Lesmahagow, 
Lanarkshire, and it was supposed to have been made 
some fifty years previously. For two years or more 
Dalzell was posthumously glorified as the inventor of 
erank driving, and the: efore of the bicycle as now un- 
derstood. 

But in 1892 a more pertinacious scrutiny into the 
matter disclosed the fact that Dalzell’s bicycle was 
built in 1846, a blacksmith’s bill for the iron work being 
unearthed, while the further fact was ascertained that 
several years previously, Kirkpatrick Macmillan, a 
clever mechanic, of Courthill, Dumfriesshire, i 
vented a machine of which Dalzell’s was but an imita- 
tion. To Macwillan, therefore, is due all the credit 
which attaches to the application of crank driving. It 
should be explained, however, that even in his case 
the crank action was not rotary, the feet simply de- 
seribing a small segment of acirele, ina downward and 
forward thrust, with return. Macmillan, who was a| 
powerfully built man, put his bicycle into practical | 


use, and regularly journeyed between his home and | wost recent forms of geared front drivers, such as the | general reader. 
“Crypto” and “ Bantam,” have bad a certain 


Glasgow, a distance of fourteen miles. At first the in- 
novation was so provocative of wonderment that Mac- 
millan was actually locked up in Glasgow for causing 
acrowd tocollect and creating an obstruction. There 
is no evidenee to show, however, that Macmillan’s in- 
vention was known south of the Tweed, and some 
credit must, therefore, be given to Messrs, Mehew, of 


| bieyele ;” though why Lallement should be deprived 


Chelsea, who, at the exhibition of 1862, showed a three 
wheeled velocipede, to the front wheel of which crank 
action was applied. This is the only claim, however, 
which English inventiveness can wake in regard to the 
birth of the bicycle. 


THE * BONESHAKER” AND ITS SUCCESSORS. 


A year or two later Pierre Lallement, a mechanic in; esubodied the principle of the modern covlie 
the employ of Messrs. Micnuux & Company, of Paris, | which Eastern potentates appear so fond. 


produced a machine of two wheels, with cranks to 
the front wheel, after the manuer of the Chelsea 
velocipede. ‘Thus was boru the fawous ** boneshaker.” 
The Pronch people, by the way, erected a memorial 
last year to M. Michaux, as of the 


‘the inventor 


j cyele construction is too important to be ait, 
ignored. Tricycles and quadricycles were j;, exist. 
ence before even the hobby horse was heard 
Horrible instruments of torture they must have t of. 
however, to the riders. Some were designed (o 
several passengers, a wretched footman at {iva 
supplying the motive power. Ina crude fas}; i.), there 


cles of 


. Lik 
two wheeler, the tricycle has had its period tte 


driving and rear driving, and has passsed throuech mat 
evolutionary pbases. Loftiness of wheel, as i: the old 
“Humber,” has gradually given place to tie lowly 
30 inch or less, and the tricycle of to-day is sim Hi 
la three-wheeled satety. The chain drives tw. wae 


of glory in the matter is by no means clear, Lu | instead of one, and these two wheels must of Lecessity 
‘a 


January, 1869, a Mr. Turner, Paris agent for a Coven- 
try firm of sewing machine makers, brought one of the 
new machines to London, and thence to Coventry. 
The sewing machine trade, as well as the ribbon trade, 
was just then failing, and the prosperity of Coventry 


be bridged. In all other respects—bearings, littings, 





was fast declining. but the cycle appeared to offer a 
new outlet for ingenuity and enterprise. The Coven- | 
try Machinists Company accepted an order for a hun- 











BICYCLE, 


FIRST CRANK 


THE DRIVEN 
dred machines, and inventors, including the late James 
Starley, than whom no one did more toward perfecting 
the bicycle, tarned their best energies in this new di- 
rection. 

To follow the bicycle through all the phases of its 
evolution from that time till now would involve the 
description of innumerable technicalities. 

Some brief mention of the main types, however, 
is necessary. The boneshaker was succeeded by 
Starley’s * Ariel,” and then the “ Spider.” in each of 
which the front wheel was enlarged and the rear wheel 
reduced—in the second case so much that it was 
alwost identical with the ‘“‘ ordinary” or high bicycle. 
Wood rims and spokes gave way to the snspension 
wheel, with anti-friction bearings and rubber tires, 
and for years the “ordinary” was in general use, 
varying only in size at the option ot the rider and in 
very minor details. Length of limb now became the 
desideratum of every cyclist, for, other things being 
equal, the longer the leg, the larger the wheel that 
could be ridden, and therefore the greater the 
stretch of ground covered at each revolution of the 
pedals. But undeniable dangers attached to the use 
of the ordinary. So easily was the equilibrium of the 
rider disturbed that a pebble in his path would cause 
him to pitch head foremost over his handle bars, 
deseribing a parabola of greater or less are, according 
to the rate of his progression. ‘* Coasting” down hill, 
“legs over handles,” was a favorite diversion, the 
rider being occasionally found senseiess on the high- 
way as a result. Endeavors to devise machines of 
safer form resulted in the appearance of the ‘“ Facile,” 
the “Xtraordinary.” the “Pony” and the “ Kan- 
garoo” types. All these, however, were front 
drivers. Experiments in the way of utilizing the 
back wheel, except as a trailer, had not been tried 
since Macmillan’s day. 

Toward the end of 1879, however, Lawson’s *‘ Safetv” 
saw the light, and though he himself did not persevere 
with his invention, it was the virtual parent of the 
rear-driven safety now ridden everywhere—albeit it | 





THE “ BONESHAKER” OF THE MIDDLE AGES. | 


was very different in appearance, and the cranks were 
actuated by levers and not a chain, but it led the way | 
to the appearance of Starley’s famous ‘* Rover.” 

Though at a casual glance the modern “safety” is | 


had in- | unrecognizable in this machine, it embodied the vital | care is taken in the application of tests. 


points of the former. The wheels were low, and of 

nearly equal size, and the long chain was used for the 
first time. Itis true that the “ Kangaroo” bicycle had | 
twin chain couplings, but these were short, and | 
applied to the front wheel. In many structural parti- | 
culars the safety of to-day differs considerably from | 
the * Rover,” but the driving principle is the same, 

and to all appearances destined to remain so. The) 


share | 
of popularity even since the perfection of the rear 
driver, but in point of numbers the last named has 
an overwhelming superiority. 


THE TRICYCLE. 
The part played by the tricycle in the history of 








| thereto must be made. 
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CYCLIST INFANTRY WITH A MULTICYCLE 


construction of the wheels, handle bars, ete.—the 
two machines are identical. The one great service 
which the tricycle has rendered to the science of 
eycle building is the fact that the value of the chain 
was established by trial in various forms on the three 
wheeler, and thus led to the inception of the ** Rover” 
safety. 
THE MODERN MACHINE. 


An impressionable Italian bas defined the bieyele 
as ‘‘a poem in metal.” The definition is defensible, 
A poem is a work of art; sois the cycle of to-day, 
There is not a single angle in its design, nor one 
fractional part of its mechanism, that is not the out- 
come of the most careful thought and long experi- 
menting. In no other department of mechanical 
construction has the desideratum of “lightness with 
strength” so conspicuously been attained. Light as 
is the modern cycie, it requires much pushing over 
rising ground, and even with a machine of the 
‘featherweight ” description one is forced occasionally 
to pant and sigh for a pound or two less of metal. On 
the other hand, when flying a steep hill—if it be a safe 
one as regards absence of turns and traffic—at a rate 


l verging on thirty miles an hour, one is made to feel 


how tremendous is the strain thrown upon that appa- 
rently insubstantial piece of mechanisin beneath you, 
and how necessary it is that all the working parts 
should be of the highest grade of workmanship, and 
absolutely without flaw. 


CYCLE BUILDING A SCIENCE, 


But to such a pitch of perfection has the science of 
evele building attained that, notwithstanding the 
added weight of the pneumatic tires as compared 
with the old “ solids,” a machine fit .for general road 
work can now be turned out at a weight of 30 pounds, 
including brake and steel mud guards—accessories 





THE “DANDY” OF PREHISTORIC TIMES. 


with which some riders dispense, and thereby reduce 
the weight by three or four pounds. The machinery 
employed in producing a bicycle so light and yet 
reliable is both elaborate and costly, and extraordinary 
The tubing 
which forms the main framework of the machine }s 
subjected to the most rigorous trials to ascertain 
whether it will withstand the many strains- Pg 
breaking, doubling, and the like—to which it !s liable 
in actual use. But when we cowe to the finer parts 0 
the modern eycle, a description of the processes 
which they are produced would be of too technien 
character for an article written in the interest of t “4 


he part played by “ ball bearings 
the 5 Pe, = rseded the 


however. which have so effectually supe 


“parallel,” “‘cone” and “roller” bearings 0 an 
“ordinary ” days, isso important that one rene 
They have reduced frietio 
. So great 1s 
best micro 
esting 


apparently to the irreducible minimum. 
the nicety of their manufacture that the | 
meter gages are ineffectual for the purpose o! t 
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accuracy, and “gage plates” of bard cast steel 

se to be used ins' Each plate is provided with 
holes, the largest of which is only about one- 
ndth of an inch larger than the smallest. Con- 

ntly there is but one six-thousandth of an inch 

yee in size bet ween the ball which will just pass 

h the second hole and that which will just pass 

h the first. When such accuracy as this is 

ht {o bear on the construction of a cycle, one can 
understand how it is that the front wheel of a “ safety” 
has been known to continue in motion, after a single 





THE TRICYCLE OF 1895, 


Jownward pull, for no fewer than thirty-eight min- 
utes | 
A WHOLESOME INFLUENCE. 

And let it not be imagined that the ingenuity of 
eyele builders has had no effect on other departments 
of engineering science than their own. In a recent 
number of the Engineer appreciative reference is nade 
to 

“| . a branch of mechanical engineering which 
has already has its influence in other branches of me- 
ehanical work, and will probably in the near future 
have greater influence on the construction of various 
kinds of road vehicles. It is not many years since me- 
chanical engineers looked upon roller bearings and 
ball bearings as devices not consistent either with good 





THE FIRST “ROVER.” 


or permanent work, or as likely to lessen the frictional 
resistance of machinery fitted with them. We owe it 
to cycle manufacturers tnat they have proved that for 
many kinds of machinery ball bearings not only pro- 
vide a permanent and satisfactory means of carrying 
rotating pieces, but that they afford a most simple 
means of adjustment, and at the same time reduce the 
journal friction of such machines by from 30 to 60 per 
cent. It. must be admitted, also, that we owe it to 
eyele manufacturers that it has become possible to 
construct road vehicles which are lighter in weight and 
draught, and more comfortable for the riders, than 





conla hare been 47 cone vi tates cr | he naphnan at 
only in the use of light steel tu ol it suspension 
wheels, in the development of lndia re wheels, 
but in the proof of the superiority of spring wheels.” 


POINTS OF IMPROVEMENT. 


In briefly reviewing the points of improvement in 
the 1895 pattern of safety as compared with its pro- 
genitor, the ** Rover,” it must be obvious to the most 
casual glance that the strain-resisting oe of a 
machine are now greatly increased. n the first 





LATEST TYPE OF “SAFETY.” 


“Rover” the weight of the body was supported on a 
slender, unsupported framework only, whereas the 
whole aim nowadays is to meet every direct strain in a 
direct manner. Hence the substantial back tube lead- 
ing straight from the saddle pillar to the chain wheel 
| bracket. This principle is now so completely followed 
| out that even the saddle pillar is made in the shape of 
the letter ‘‘T.” with the primary object of placing the 
saddle directly over the tabe taehoad of on the arm of 
| what is known as an ‘‘L” pin. The handle bars have 
undergone many changes, the prevailing 1895 pattern 
| being undoubtedly the most satisfactory. In this the 
| handles are “undropped,” and facilitate the keeping 
|of an upright position instead of the much decried 
““bicyclist’s stoop,” which the public should remember 











THE NEW BICYCLE. 





is by no weans a necessary consequence of cycling, but 
| is simply a matter of how the rider chooses to have his 
‘handles fixed. Another important point to be noted 
is that the handle burs are now much narrowed in 
‘radius, bringing the arms into a more natural and 
easy position than heretofore. In general appearance 
| the machines of to-day seem to be heavier than form- 
jerly. As a matter of fact they are lighter. but are 
|built with tubing of greater diameter. though of 
thinner gage. The combination is believed to effect a 
gain in strength, while also reducing the weight. In 
many minor points, too technical to enumerate, the 





‘The modern “ ront-driver.” 
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THE HISTORY OF CYCLING—SOME PAST AND PRESENT MACHINES. 





original “Rover” has been improved upon: but a 
word should be said with respect to the provess of 
brazing, or welding the parts of the frame into each 
other by the application of heat. The extent to whieh 
this has been improved is shown by the building of a 
machine such as the ‘Hiffel” of Messrs. Humber & 
Com y, a mere glance at the numerous light joints 
of which will show how important the brazing process 
is. This machine is 18 feet 6 inches high, and at the 
“Anchor Shield” jon, on March 28 last. was an 
object of universal attention as it glided along in face 
of astrong wind. Another example of cycle building 
is the quadruplet, for four riders. These wachines are 
occasionally used for ** pacing” pur on the track, 
for the assistance of ‘‘ record” b ers. The bamboo 
cycle is interesting as a modern product, and has ex- 
cited some attention, but for the determination of its 
precise value a little more time is needed. 


THE PNEUMATIC TIRE. 


But great as have been the improvements in me- 
chanical construction which have contributed to the 
various astonishing feats on race path or road, it is to 
the supplementary aid of the air tire that there per- 
formances are principally due. The story of the pneu- 
matic tire is one of the romances of trade; seldom has 
a simple invention had so startling or revolutionary a 
result. A Belfast surgeon, Mr. John Boyd Dunlop, 
though not himself a cyclist, was desirous of discover- 
ing, for the benefit of his cycling sons, some means of 
preventing the vibration of which they complained 
when riding solid-tired machines over rough roads of 
granite bowlders. 

After much experimenting he was able to construct 
a tire which would hold air, though further difficulties 
had to be solved in the way of suitable valves and 
rims. When, in 1888, the first air-tired machines ap- 
—- on the race path in Ireland, and afterward in 

ngland, they were a source of amused astonishment, 
but their riders, nevertheless, ‘‘swept the board.” It 
was but a question of time to establish the absolute 
superiority of the new invention, and Englishmen who 
have so largely gained thereby in comfort should not 
forget the debt they owe to Ireland in this matter. 
Despite the fact, however, that the English champion- 
ships were secured in 1890 by Irishmen on the pneu- 
matic tire, there was still a natural reluctance on the 
part of English manufacturers to welcome the new 
comer. They had thousands of solid tired machines in 
stock, and there was a justifiable fear that the air tire 
might not stand the wear and tear of all-round riding. 

It was discovered to have several failings, being liab 
to slip, to burst, and to be punctured. hen pune- 
caveds moreover, it was most difficult to repair, 
as the original variety was cemented fast to the 
rim, and could only be detached by the application 
of heat. All this is changed to a remarkable de- 
gree. In 1892 the company which had been formed 
in 1889 to manufacture the Dunlop tire produced a 
new pattern, the invention of Mr. C. K. Welch, which 
was wired on to the rim and easily detachable. All 
that was required in caseot puncture was to deflate 
the tire of its air, raise the edge of the outer cover, or. 
if necessary, remove it altogether, and affix a small 
patch of India rubber on the air tube wherever the 
puncture might be. 

Not only is the repair of a puncture, therefore, now 
a comparatively trifling matter, but the necessity for 
it isa matter of infinitely less probability than formerly, 
owing tothe outercover having been improved. Whi 





it is true that a stray piece of glass or thorn may at- 
tach itself to a tire when the rider has barely left his 
| doorstep, and gradually force its way into the air tube, 
|instances have not been wanting of men who have 
ridden ten thousand miles without accident. One 
puncture in three thousand miles way be set down as 
the average of probability with roadster tires, though 
many aian goes right through the season without 
trouble. Road racers who use path racing tires on 
the highways court catastrophe, and are of course less 
fortunate. Bursting is now practically unknown. It 
certainly never enters into the ordinary rider’s caleu- 
lations, though if he leaves his machine standing in an 
unusually hot sun, with the tire pumped very hard, it 
may perhaps go “ pop!” The *‘sideslip bogy,” by which 
is meant the tendency of the broad-based, smooth- 
faced air tire to ‘‘skid” on greasy roads, is unfortun- 
ately still with us; but various appliances have con- 
siderably mitigated the evil. Whatever drawbacks the 
pneumatic tire may still possess are amply compen- 
sated for by its qualities ot increased comfort and speed. 
The solid tire is dead, and the cushion moribund: con- 
siderations of the pocket alone keep the latter alive. 
That the superiority of the pneumatic is absolute has 
long since ceased to be matter for argument. It is a 
case of “‘ once used, always used.” 


A HAND AND FOOT CYCLE. 


A little group of members of Parliawent recently 
gathered on the Victoria Embankment, near West- 
minster Bridge, for the purpose of witnessing the first 
trial in England of a new bicycle to be propelled by 
hands and feet. The invention is French, and was 
shown at the recent Cycle Exhibition in Paris, where 
it attracted a good deal of attention; but it is only 
within the past few weeks that it has been applied to 
any English machines. It consists of a pair of levers 
connecting the handles with «.e chain wheel, and so 
arranged that when the handles are alternately pressed 
down considerable force is brought to bear upon that 
wheel, the right hand and left foot acting simultane- 
ously, and vice versa. It is claimed for the new ma- 
chine that it exercises all the muscles of the body—the 
arms as well asthe legs—and that it adds at least 20 per 
cent. to the power exerted, thus allowing a much higher 
gearing to be used, and a largely increased speed to be 
attained. The steering, it is said, can be thoroughly 
mastered by a bicycie mder after a very few day’ 
practice, as the learner can in a moment when he expe- 
riences any difficulty shift his hands to the rigid handle 


bar and ride tie machine with feet alone in the ordi- 


9 The bicycle shown on the Embankment is 
to known as “the New Howe of Glasgow Flying 


Machine,” but the patent can be applied to almost any 
safety bicycle. 

Judging from the trial on the Enbankment, the new 
invention appears a very great advance on anything 





in the way of a hand and foot machine which has vet 
been seen in this country, though whether it will, as 
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its promoters expect, revolutionize the sport of cycling 
remains to be seen. The rider had only mounted it on 
three previous occasions, but he nevertheless seemed 
to experience very little difficulty in steering it, and he 
sropelled it at a high rate of speed with apparently 
ittle exertion. A prominent Ulster Unionist member 
of Parliament, who is a bicyclist, afterward volun- 
teered to test the invention; and although he dis- 
mounted somewhat suddenly soon after starting, he 
quickly mastered the difficulties of steering, and was 
soon careering gayly up and down the Embankment , 
with only occasional recourse to the handle bar. The | 
“flying machine” should certainly have a future be- | 
fore it in mountainous dist riets, as the invention would | 
seem to be peculiarly well adapted to hill climbing.— | 
The London Daily Graphie. 


From tue InpvsTRtIaAL Recorp.) 
THE NORTHROP LOOM. 


In response to an invitation from George Draper & 
Sons. Hopedale, Mass., a representative of the Indus- 
trial Reeord visited this firm’s works quite recently for | 
the purpose of examining the latest and most impor- 
tant mechanieal innovation in the art of weaving that 
has been placed upon the market within the last fifty 
years, and within its special province the most im- | 
portant, and, in a sense, the most wonderful advance- | 
ment that has been made in automatic weaving within 
the last century. [ts conception and development 
has required the highest order of inventive genius, and 
the revolution it seems destined to bring about is in- 
ealeulable. A new era in weaving has apparently 
been established, quite as marked in this particular 
line as the introduction of the self-acting mule was to}! 
spinning. 

The principal features of this special mechanism of 
the loom are the shuttle, the transferrer or pusher, the 
hopper and the filling fork. All of these we illustrate 
herewith, excepting the filling fork, which cannot be 
very well shown, but which every weaver will under- 
stand what is meant, only it should be understood 
that its functions are not those of stopping the loom | 
when the weft fails in the shed, but are to determine 
the time at which the pusher shall act to put a bobbin 
into the shuttle. These devices can be attached to 
any plain cotton loom with very few alterations, to 
allow the attachment to the end of the lay of the parts 
containing the hopper, and certain changes in the} 
filling fork connections. Though at present the in-| 
vention is confined to the plain cotton loom, in which 
the single box alone is used, the probabilities are that | 
it will, in time, be developed to permit of its becoming 
operative upon more complicated looms, even those | 
earrying drop boxes. The genius that has carried it | 
thus far from the realm of seeming impossibilities is not 
to be restricted to the limitations of the ordinary 
artisan. 

In speaking of these devices, the principal credit is 
due to their chief inventor, James H. Northrop, whose 
name has already been enrolled among those of the 
greatest inventors of the age. The purpose of the in- 
vention is that, when the filling breaks or beeomes ex- 
hausted from the shuttle, other filling will be auto- 
matically supplied thereto without any intermission or 
stopping of the loom, the construction of the parts 
being such that the introduction of the filling may be | 
effected even while the loom is running at a high | 
speed. The bobbins of filling are held in a cireular 
hopoer, the rotation of the hopper delivering each in | 
turn into proper position. The lay on each alternate 
forward stroke brings the shuttle directly under the 
hopper, where a simple movement of the transferrer 
or pusher effeets the desired operation when necessary. 
This transferrer is pivoted, and receives its rotating 
movement, when in operation, by a direct blow from a} 
bunter on the lay. The motion is therefore positive, | 
not depending on a spring or weight. The operative | 
places the bobbins in the hopper by hand, winding the | 
end of filling around a stud. The hopper holds four- | 
teen bobbins, or more if necessary, and it takes about 
one minute and a half to fillit. Compare this with 
the time taken with the old method to go to a loom, 
take out the shuttle, put in the new shuttle, place the} 
lay, start the loom, take off the empty bobbin, put on | 
a full one, suck the thread through the eye and put the | 

| 





shuttle in the holder, and all this to be done fourteen 

times for comparison, and we have one hundred and 

twelve operations against twenty-eight, irrespective of | 
the fourteen journeys. Bobbins that are partly woven | 
off can be put in the hopper as well as full ones, and 

there will be less waste with the hopper loom, as the! 
operative will find it easier to put a small bobbin in| 
the hopper than to rub orcut off the filling. Co-operat- | 
ing with the filling fork is a cam slide so arranged | 
that, should the shuttle fail to thread twice in succes- 

sion, the loom will stop. This is to prevent weaving a 

thin place in case the hopper is exhausted, or anything | 
out of order which prevents proper action. A device | 
ealled a position detector is attached to the rod} 
worked by the fork slide, and when the bobbin is to be | 
changed, a finger set in proper relative position reaches 
forward across the lay. Should the shuttle have re- 
bounded excessively or not reached ** home” properly, 
this finger will touch it, and when so stopped prevents 
the transfer of a b&&vin. Should this oecur twice, the 
loom will stop and give evidence thereby that the fixer 
should set the pick properly. 

in order that the ejected bobbin should go into the 
box properly, a guide working with the transferrer 
swings toward the lay at the proper time and forms an 
incline down which the spent bobbin slides to place. 

As regards the use of cops in these looms, it has 
been found to be perfectly feasible. Metal skewers 
having a base like a bobbin are used, and these are 
placed in the usual hoppers. Experience with cops, 
however, is as yet rather limited as compared with the 
use of bobbin filling, but orders are being taken for 
cop looms. and the Messrs, Draper have no question 
but that they will give every possible satisfaction. On 
the plain ioom for new mills there is no need of raising 
the point, as such mills on ordinary numbers are uni- 
versally using bobbin filling. 

We desire to call attention to the illustration of the 
head of the bobbin, which is the only part of the latter | 
essentially differing from the ordinary. It will be ob- 
served that the head is provided with two annular | 
rivgs, which fit with great exactness into correspond- 


| 
| 
| 





ing recesses in the shuttle, which can be seen in the 

rspective view. These are inteaded to hold the 
bobbin firmly in position in the shuttle and to allow 
its being readily rolled or pressed into and discharged 
from the latter. Owing to the rapid movement of the 
lay and the brief space of time that the shuttle rests in 
the box after being thrown by the picker stick, the 
difficulty of inserting filling into the shuttle becomes 
apparent. To overcome any difficulty of this kind the 
inventor has considered three important conditions, 
first, by making the bobbin cylindrical, so that it may 
roll into place ; second, by inserting the bobbin while 
the lay is moving forward, which motion materially 
aids in the rotation of the bobbin in a proper direction 
to enter the shuttle; third, by inserting the bobbin 
while the lay is at the slowest period of its movement. 

The self-threading device of the shuttle is seen in the 
illustration. This isan important feature of the in- 
vention, so that when the bobbin is inserted auto- 
matically into the shuttle from the hopper, the filling 
thread will be automatically laid into the delivery eve 
of the shuttle for proper weaving. The shuttle, as will 
be seen, has an open bottom as well as top, and holds 
the bobbin by means of spring jaws acting on large 
metal rings attached to the bobbin base. When a new 
bobbin is put in it crowds the spent one out, the latter 
falling through the bottom of the shuttle onto a guide 
which delivers it into a box. The shuttle has an in- 
cline, and several notches in the springs, so arranged 
as to permit a bobbin to be put in when the shuttle 





nanny 
possible improvement that could be suggest od 

test has been incorporated in the present m: vufaetane 
A complete plant of modern tools has bee), } 

and large additions have been made to the ork 

George Draper & Sons have introduced »)\achj 

in the past that in its sphere of use has «ved on 
100,000 horse power per annum, has doubled the of 
ficiency of more than 20,000 operatives, aiid nearly 
doubled the production per spindle of every :yill jp the 
country. Never before, Sonoran have they attempted 


the solution of so important a problem as this One, ine. 


volving a possible reduction of expense amounting to 
one-quarter the entire labor cost in a mill and raje- 
ing the quality of the cloth to a grade never before 
possible, 

The weakness in the present system of weaving Jigg 
in the extreme labor cost required in the weave room, 
There are so many hand operations necessary that the 
scope of the weaver is very narrow. 

As finally developed this improved loom carries g 
supply of fourteen bobbins of filling in a hopper, whieh 
number could easily be increased. The weaver is, there. 
fore, relieved of thirteen or more journeys to the loom 
that would have formerly been necessary. A very jp. 
portant point also from a humanitarian standpoint jg 
the fact that this loom relieves the weaver from the 
unhealthy act of sucking the filling through the eve 
of the shuttle, and injuring the lungs through the cot. 
ton fiber inhaled. 

Involved in this apparatus are devices that permit 





DETAIL OF HOPPER MECHANISM. 
(Other parts of loom erased.) 
Shows fresh bobbin being inserted in shuttle, with empty bobbin falling into box. 
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PERSPECTIVE 
NORTHROP 
SHUTTLE. 


THE NORTHROP LOOM. 


may be in various positions, according to the wear of 
the picker or its rebound, ete. 

It is claimed that the new loom will accomplish a 
saving of one-half the labor cost of weaving ; make far 
better goods; produce more cloth per loom ; easier 
work for operatives ; less fixing and less stopping. 

The Hopedale Machine Company, in going into the 
loom business, has determined to make as good a repu- 
tation as their other products have established. Ex- 
pense. has not been considered. For example, their 
loom has two hundred pounds of extra east iron put 
in where it will add to strength and steadiness. he 
frame is iron throughout, and in details they have not 
been content to blindly copy, but have improved in 
every point where expert skill could point out former 
defects. The main Giten gears have teeth of im- 
proved shape, far less liable to break. The harness 
cams are split for ease in replacement. There is a 
locking clamp to hold the beam in position. The fork 
is as perfect as any ever made, and will not be dam- 
aged should a shuttle smash occur in front of it. The 
beam heads are turned smooth on the face. The check 
is the very best. Eighty of these looms have been run 
continuously for more than a year as a test, and every 








the shuttle to vary in position to a certain extent asit 
necessarily does in practice, and yet prevent any dam- 
age if the shuttle should be abnormally misplaced. It 
is also arranged so that the loom will stop automatt- 
eally should the hopper become exhausted, or shoul 
the shuttle eye become clogged so that it refuses to be 
threaded. All possible emergencies are provided for, 
and yet but few parts are used. 
The expert may stamp the idea as impracticable, for 
the reason that if the weaver is not constantly near the 
loom he cannot prevent broken warp runs, or floats, 
whieh spoil the cloth, putting it into an inferior grade 
if allowed to continue uneared for. In reply to this we 
will say that this is provided for, and most efficiently, 
by combining with the filling changer a warp StoP 
motion device that instantly stops the loom wn’ 
warp thread breaks. This combination relieves ¢ 
weaver of all responsibility. fi 
There are several kinds of stop motions developed for 
different uses, the one here referred to being made ® 
part of the harness mechanism, each heddle serving 
a drop wire to detect on the instant any severing o ® 


warp thread. : 
Another combination made necessary on certaiD 
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styles 


of filling ~ near! 


the old 
a iug the goods absolutely perfect. 


Mc-srs. Draper are running eighty looms on 28! French authorities gave us an entirely free hand, 


jnen clot, 6464, with five weavers, or with sixteen 
to each weaver. In the usual print cloth mill, 
weavers (end from four to eight looms. As Messrs. 
Draper have had weavers run twenty of their looms, it 
jg safe to predict that instead of an average of six or 
seven looins to a weaver, as is usual on the old style, 
they can .verage more than twice as much. The pre- 
sent proiuction of each weaver is an average of 96 50 
cuts per week, The looms are running 190 picks 
minute. There is no limit to the loom speed, as a 
has run on a test at 260 picks. : 

Another point of great value is the quality of the 
eloth produced. The warp stop motion guarantees 

ection, so far as warp defects are concerned. It is 
simply impossible to compete with the quality of this 
eloth on ordinary looms. Then as the filling is changed 
with the !oomin motion, thin places are almost entirely 
avoided. Seconds must of course be a searce quantity, 
and weavers’ fines almost unnecessary. 

The production per loom is greater than ever before 
possible, for the reason that it is found to be entirely 

etical for the weavers to leave their looms run- 
ning when they leave the will at noon or night, and 
if the power be left on for the noon hour and an 
hour later at night, there is a very considerable gain. 
This is, of course, not a possibility with ordinary looms, 
as they have no devices to prevent poor work when 
not watched. 

As far as loom fixing is concerned, the extra mechan- 
ism does not add appreciably to the fixer’s work. By 
running one shuttle coustantly the work of setting the 
pick is greatly eliminated ; and all know that this takes 
up a large proportion of the ordinary fixer’s time. 
Like every new machine, it is necessary to form an ac- 
quaintance with its mechanism. 

There is yet another detail of great importance. As 
the warp stop motion prevents more than one thread 
being broken at one time, the effort of piecing in is 
very simple. Pickouts are substantially avcided on 
their looms, 

The Messrs. Draper have at present orders from over 
twenty mills, the total being considerably over four 
thousand looms. 








AN ALUMINUM TORPEDO BOAT. 


DESCRIPTION OF AN ALUMINUM TORPEDO BOAT 
BUILT FOR THE FRENCH GOVERNMENT.* 


By A. F. YARROw (Member of Council). 


As it seems not improbable that before very long 
aluminum and its light alloys may be available for 
those classes of construction in which lightness of ma- 
terial offers special advantages, it has been considered 
that a description of the aluminum second-class tor- 
pedo boat which we built last year for the French 
government might be interesting to the members of 
this institution, and I have now the pleasure to lay 
before you a few particulars. 

About two years ago the French Admiralty deter- 
mine’ upon introducing second-class torpedo boats in 
their navy, to form part of the equipment of large 
men-of-war, and they invited tenders for a sample 
vessel of this description. It is evident that lightness 
of construction is of paramount importance in a craft 
of this kind, not only because reduced displacement 
secures increased speed, but also because the boat has 
to be lifted and lowered by the tackle on board the 
vessel carrying it. Moreover, as these boats are placed 
high up on deck, any reduction of their weight in- 
ereases the stability of the ship to which they are at- 
tached. The conditions laid down by the French 


* Abstracts from a paper read before the Institution of Naval Architects. 


of goods, where it is not feasible to allow a short| authorities as regards speed, seagoing qualities and 
end of filling to remain in the warp when an exhausted | weight when lifted, were such as to render it scarcely 
or cop is thrown out, is the additional use of a| possible to build such « craft on the usual plan and of 

to deteet the proper moment when the supply | the usual materials. We thought, therefore, it was a 
exhausted, and put in a new supply |favorable opportunity to test the cApabilities of a 
»obbin or cop is entirely woven off, | structure of aluminum, and our offer to build a tor- 








pedo boat of this metal was ultimately aecepted. The 


stipulating only that when the vessel was finished it 
should give complete satisfaction and conform to the 
conditions laid down. 

As the result of nomerous tests, we determined on 
using for the hull aluminum plates of 50 per cent. 
greater thickness than we should have adopted had 
steel been used ; and as, approximately, aluminum is, 
bulk for bulk, one-third the weight of steel, it follows 
that the weight of the hull was reduced by one-half. 1 
believe experience has shown that the scantlings 
adopted were suitable. Plates of pure aluminum 
seem to be very deficient in strength, and although they 
may be greatly strengthened by being rolied cold and 


Fig./. rewsist STRENGTH IN TONS PER SQUARE INCH 
r> 


3 0 "s a 2 


PER CENTAGE OF ELONGATION 





(2928), Gna (LLUSTRATING THE EFFECT OF DIFFERENT PROPORTIONS 
Of ALUMINIUM UPON THE TENSILE STRENGTH AND ELONGATION 
OF ALUMINIUM BRONZE 


used unannealed, such treatment did not give all we 
required. Table I gives the result of four tests of pure 
aluminum plates. It shows that the ultimate strength 
ranges between 7 and 8 tons per square inch. 

We had, therefore, to seek a light alloy in order to 
secure sufficient strength, and ultimately determined 
upon aluminum with 6 per cent. of copper. The 
strength of this alloy may be considerably varied dur- 
ing rolling. If “soft rolled,” i. e., annealed after the 
last rolling, from 11 to 12 tons per square inch was ob- 
tained, witha large amount of elongation: if ‘* hard 
rolled,” the strength was greatly increased, but the 
material was found to be brittle. We finally adopted 





the 6 per cent. alloy, rolled to a medium extent of 
hardness, giving from 14 to 16 tons per square inch | 
tensile strength, combined with an amount of tough- 
ness enabling the plates to be hammered into shape 
cold and to be bent to a sharp angle without showing | 
signs of cracking. The framework of the hull con- | 
sisted of angles of the same material. The plates and | 
frames were all shaped cold, and we found no great | 
difficulty in carrying out the work in a satisfactory | 
manner; in fact, we had not a single plate or angle to| 
condemn. 

The results of tests made upon the plates used are 
shown on Table II. I would drawspecial attention to 
the high elastic limit as compared with the ultimate 
strength. All those portions subject to the action of 
sea or bilge water were riveted with aluminum rivets, 
and the remaining parts, such as the deck, not sub- 
jected to the action of sea or bilge water, were mostly 
riveted with soft iron rivets. In order to test the 
strength of riveted joints, and to judge of the water 
tightness of the joints, we made the experimental 
aluminum cylinder which is here. Its dimensions are : 
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Extreme length, 12 in:; outside diameter, 1424 in. The 
barrel was made of aluminum, having 6 per cent. of 
copper ; thickness, No. 12 L. 8. G. The ends were of 
steel, flanged and riveted. The cylindrical portion 
was in three plates, lapped longitudinally and riveted 
to each other by two rows of aluminum rivets \4 in. in 
diameter. The cylinder was filled with water, and the 
pressure pumped up to 100 lb. per square inch. It was 
perfectly tight at this. We continued pumping up to 
200 Ib. per square inch, when leakage became general, 
and upon reaching 300 Ib. the longitudinal seam burst, 
due to the plate tearing away between the rivet holes. 
As evidence that aluminum can, with proper care, be 
worked cold, I have here a few specimens of articles 
made from it. 

With reference to corrosion from sea water, we have 
tried a series of experiments, extending over 12 months, 
and we find, provided there is no galvanic action due 
to other metals being in contact with the alaminum, 
the corrosion may be taken at under 4 per cent. per 
annum for plates about 14 in. thick, the surface being 
unpainted. At the same time it must be borne in 
mind that such a boat as I am describing should be 
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painted, and the paint used should be carefully se- 
lected, avoiding any that contains bodies which would 
have a direct chemical action on the plates. As further 
evidence of the effect of sea water upon aluminum, I 
would refer to the Vendenesse, a sailing yacht built of 
aluminum in Paris about 18 months ago, The report 
of it as regards corrosion isasfollows: *. . . It has 
stood very well, excepting in a few places where cop- 
per fittings have been fixed in direct contact with 
the aluminum hull, which has produced a galvanic 
action. A similar action was produced when the boat 
was moored to a quay near another boat, the bottom 
of which was coppered, both being fastened to the 
same post by means of chains. With the above excep- 
tions, direct contact with salt water has had no de- 
teriorating effect.” 

The two great enemies to the use of alaminum are 
heat and alkalies. This material anneals at a com- 
paratively low temperature, thus losing strength, 
while the alkalies act very rapidly upon it. Conse- 
quently any part likely to be subject to a considerable 
rise of temperature should not be made of aluminum, 
nor should it be used for a condenser where soda 
may be required for cleaning purposes. Aluminum at 
high temperatures oxidizes with exceptional rapidity. 
At low temperatures it does not oxidize sorapidly, and 
the film of oxide on the surface protects the metal from 
further action. 

As regards the machinery of this little vessel there is 
nothing special to note, excepting that aluminum 
bronze and manganese bronze were used wherever 
practicable. No alaminum was employed except for 
the low pressure piston valve, for which purpose it 
seemed to answer well during the time the boat was in 
our hands, The engines were of the triple expansion 
type, and indicated on trial from 275 to 300 horse 
power. The boiler was of our usual type, with copper 
tubes, 

Our contract with the French government was to 
construct a boat 60 ft. in length by 9 ft. 3 in. beam, 
which, with 3 tons load on board, should have a speed 
of 18% knots during a fail speed trial of 2 hours, and 
which should not exceed 11 tons in weight, exclusive 
of the above load. The official trial took place on 
September 20, 1894, the average speed obtained during 
2 hours, under the above conditions, being 20°558 
knots. The boat was carefully weighed and found to 
be 10 tons. From this it will be seen that a speed of 
134 knots beyond that contracted for was obtained, 
and the weight was 1 ton below the agreed maximum. 
In comparing this aluminum hull with one constructed 
of steel, the approximate saving in weight by adopt- 
ing the lighter material cannot be taken at less than 
24 tons, which it must be admitted is a large percent- 
age in a boat weighing, complete with its machinery, 
10 tons. The machinery was found to weigh about 40 
lb. per indicated horse power, including the water in 
the boiler and condenser. The vibration at all speeds 
was inappreciable. The details of the official trial are 
shown in the table. I may add, from information quite 
recently received, the French authorities are so ex- 
ceedingly pleased with the boat, that they have in 
contemplation the building of several more, on the 
sawe plan, of alaminum. 

With a view to render the light allovs of aluminum 
stronger and more suitable for the use of the engineer, 
there is a large field for investigation. Regarding the 
heavy alloys of aluminum, i. e., those where the alumi- 
num forms a small proportion of the alloy, copper 
alloyed with aluminum stands very high, and is a for. 
midable competitor with other bronzes. The proper- 
ties of aluminum bronze, having different proportions 
of copper and aluminum, are shown by Fig. 1, for 
which I am indebted to the Aluminum Company, of 
Neuhausen. The figures given are obtained from 
emg cast bars, and therefore show a higher result 
than can be expected from test pieces attached to sand 
castings ; but the curve indicates very clearly what I 
wish to show, viz., that an increase of aluminum, up to 
a certain point, augments the strength of the alloy, at 
the same time diminishing its elongation. I believe 
the tests demanded by many authorities for aluwinum 
bronze propellers and other castings might, with ad- 
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Size. Area. Square Inob. Square Inch. 
xia, xj. in. . in. Ib, Ib. per cent. in. per cent, 
we 2 a . ~ “ 2.00 _ 109 “18 28,900 $2,716 88.3 0.86 3.6 
Lengthway .. ob od 2.00 x .111 222 32,430 36.117 89.8 : 0.38 3.8 












89.1 3.7 

















Crossway 6s eee 2.00 x .100 218 $1,650 $4,454 91.9 0.80 3.0 
Cnswwer m~ a 2.00 x .112 2% 83,480 88,156 87.7 0.80 3.0 
Mean = $2,565 = "36,805 = 898 3.0 
14.6 tons. 16.2 tons. 
ealed 2.00 x .112 284 8.480 = 26,210 = 82.4 2.09 20.9 
neces 3.6 tone. 11.7 tons. 



































Taste ITT. 
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1 | 185] 72} 12 | 26 | o | goose | onsee 
2 us| | as | | it | Saat 19.565 
8 | 175) 72) 12 | 2% | 598.40 | 21.877 
4 | 176) 2 | 114) 26 | 14 | orB.ae | eoe7s | 20-608 
6 | 190} 65/ 1 |. a i | 686.80 | 2l.eg8 
n 166 7) 18k] 25 | 1h | Sones | 19.006 











The trial on September 20, 1804, consisted of a continuous ran 
of two bours’ duration at the estuary of the Thames. Weather, 
calm. Namber of persons on board, 17. Total load on trial, 3 tons. 

During the trial of two hours’ duration the engines made 70,448 
revolutions, being at the rate fof 591°2 revolutions per minute, 
corresponding to a mean speed during the entire run of 20°558 
knots per hour. The boiler made ample steam without priming, 
and the engines worked without any heating. The vibration was 
not appreciabie 


Tavte IV.—Results of Experiments to ascertain the Re- 
potance to Deflection under @ Increased 
Bending Stress. Size of Bare =1 In. Square. Dis- 
tance between Supports. = 10 In 












































Stress. 2 Dr flection at 
_______.'| a8 
ag 
Description. 4 i : 33 4\4\4\4 
§2|22|93\3\3lgls 
Q = a a 
Ae Ib. | Ib | poe. | im.| im.| in.| io, 
Cast aluminium bronze ..| 4100 | 8462 | 48.6 | .030) 095) .260) .s88 
_ #100 | 8176 | 50.1 | 032) 096) .267) .988 
Mea 4100 | 8819 | 49:3 | 031/096) .263) .o38 
Cast manganese bronze ..| 3900 | 8022 | 48.6 | .027).110).450) .218 
3900 | 7968 | 48.9 | O26) . 106} .464) 
Mean -| 3900 | 7906 | 4&7 |.025) 103) .467 
Cast gun. metal 2180 | 8744 | 58.2 | 041 
2160 | 3786 | 57.1 |.046 
Mean 2170 | 3765 | 67.6 |.043 
Cast aluminium 2180 | 3069 | 70.) | 040) 
| 2070°| 2661 | 78.4 | .046 
Mean | 2110 |, 2866 | 74.2 | 042 
Castiron .. ..| 3901 | 3991 | 100.0 | .027 
3827 | 3827 | 100.0 |.031 
3605 | 3605 | 100.0 | 032 
Mean heres Sx0R | 100.0 | 030 
Cast iron . | 3786 | 8738 | 100.0 os 
2448 | 3448 | 100.0 |. 
3402 | 3402 | 100.0 | 034 
Meao ..| 3644 | 8644 | 100.0 0481 
Mild steel . 3660 | 6764 | 62.6 | .019) .119) 1 09 
* 3560 | 6606 | 68.0 |.020}.117)1 00 
Mean | 3560 | 6726 | 52.8 |.019}.128) 1.09 
Mild steel .. , esns 9039 | 61.6 |.018|.045| O7r! .824 
Forged from 3-in. round| 
vteel ame | 4706 | 8068 | 68,3 | 020) 046) .418 
Beesa) heecrd as te ey oe 
Mean 6135 | 8568 | 69.9 |.019) .045| 248 














vantage, be modified so as to admit of an alloy being 
used having greater strength with reduced elongation. 

Owing to the high steam pressures (and consequent 
high temperatures) now demanded, it may be of in- 
terest to know to what extent aluminum bronze loses 
strength as the temperature rises. The curve (Fig. 2) 
shows the diminution of strength with rise of tem- 
perature. 

Table 1V illustrates the results of experiments to as- 
certain the resistance to flexure, under a gradually in- 
creasing load, of eight different metals and alloys, the 
distance between the supports being 10 in., and the 
bars tested being 1 in. square. From this it will be 


seen that aluminum bronze at the high strains main- 
tains its form exceptionally well, and consequently is 
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Taste V.—Experiment to Test the Effect of Differences in 
Diameter on Pe of Blongation, the Length of 
Test-Pieces being Constant, and Cut from the same Bar 























of Mild Steel. 
On Original 
Extension. 
Reduction Area. 
of 
Dimensions. Area — 3 
Maximum 
On 2 to Stress. 
diameter 8q. ip. percent. | ver cent. [tons = eq. 
in. | D. 
0.248 0 0483 72.6 | 20 24.84 
a5o2 0.1979 67.3 36.8 24.76 
OTH 6.4347 67.0 420 «=| «= 28.66 
0.904 0.7760 67.1 47. 24.99 





specially suitable for some purposes. I may, however, | 
add that the Manganese Bronze Company state they | 
red to supply a bronze of considerably greater | 


are pre 
strength than the manganese bronze specimen tested. 


| The latter was of metal where a considerable elonga- 
| tion was demanded, involving a weaker material. The 
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| 
| 
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Manganese Bronze Company state that they can give 
a material of 33 tons breaking strain with 15 per cent. 
elongation on 2 in. in test pieces cut from the cast- 
ings. Having in view that any increased percentage 
of elongation results in a weaker material, I would 
submit that 15 per cent. elongation in this class of 
bronzes should be the maximum asked for by engineers, 
more particularly if this material is substituted for cast 
iron, which has practically no elongation ; in fact, for 
many purposes | believe 10 per cent. elongation and a 
stronger material would be even better. 

Referring to the tests made of different materials in 
the last table, I have had photographs taken from 
those bars and a few others ; these illustrate to some 
extent the structure of the metal. These, enlarged 
about 1,400 times, will now be shown on the screen, 





| Iv is easy to fall a chimney, if you know how. 


|i. e., the image on the sereen is 1,400 diameters of the | 


| 





| 








original. Some of the photos are from the actual 
rough fractures, and some from surfaces which have 
been polished and then etched. For these very beau- 
tiful photographs I am indebted to my friend Mr. 
Haddon. 

I would here point out a difficulty in dealing with 
tests of material. There seems to be no standard 
diameter, nor standard length, for test pieces. Under 
these circumstances it is very difficult to compare re- 
sults. For example, if a given length of test piece is 


| specified irrespective of diameter, the test is of little 


value for elongation, because as the diameter increases 
the elongation increases. This is clearly shown by 
Table V. Four specimens were prepared from the 
same mild steel bar and turned down to \ in., 1 in., 
At in., and | in. in diameter, all 2 in. long, and the 
elongations, it will be seen, are 24, 36, 42, and 47 per 
cent, respectively. It will be noticed that the reduc- 
tion of area at fracture is practically constant, and I 
would submit that this, in some cases, is a more re- 
liable guide as to ductility than elongations, unless 
some common basis for estimating elongation is agreed 
upon. As regards calculating the limit of elasticity, no 
two authorities appear toagree upon the mode in which 
it should be estimated. I wish it to be understood, as 
regards elastic limit, 1 do not propose to fix a given 
standard for all materials, but for similar materials, 
possibly, some uniformity might be arrived at. Cer- 
tainly, as it is now, there seems to be a divergence of 
practice which is very confasing. I would venture to 
suggest that it would be very convenient if a com on 
basis for tests of materials were agreed upon, so that 
results might be more readily compared than is possible 
under existing circumstances. 





THE SPLIT TUBE SYSTEM. 


A CLEVER, though simple, invention is Pease’s sys- 
tem of interlocked split tubing. In this strips of iron, 
steel, phosphor bronze, or other metal are bent into a 
tubular shape by special machinery, the edges being 
sufficiently far apart to allow two other pieces to enter, 
as shown in our illustration. ; 

By this means a firm yet cheap and simple construe- 
tion is obtained, which may be used either horizontally 


' 
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| 
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| 
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——— 
or vertically, i. e., for flooring, walls, or coliiuns, Veg. 
ally the insides of the tubes are filled wi;), coneret “ 
but when an air s is required, the part where the 
two tubes overlap is left empty. As the corcrete 

—_* t part of the weight, the iron 1), be v La 
ag strip 11 in. wide, made of 2 in. ti}hc a 


W. G., or, say, ,; of an inch, supported |; * Ba bi 


end without bending. and a strip of the say, lua, te 
made of iron No. 8 B. W. 4. thick, carried. ton pes 
square foot of surface. This system is shown by ed 
sections below, and is well adapted for th. construe. 










SPLIT TUBE AND CONCRETE 
CONSTRUCTION, 





tion of columns for various purposes. The outer tubes 
can be of precuer bronze or other metal, either ta 
or parallel, and they can be held together by omalieg 
tubes of iron. 





TO “FALL” A CHIMNEY. 








Joe 
| Smith, a steeple-jack, has successfully performed the 
| feat for the Corporation of Bury, on a brick chimney, 
| 120 feet high, 10 feet square at the base, and 5 feet 6 
| inches at thetop. About 54 cubie yards of brick were 
| removed from the base of the chimmey, cornerwise, 
| facing the place it was desired to land the debris, 
j}and blocks of wood, 6 inches square, put in the 
|opening. Inflammable material was placed around 
| the blocks, and soaked with tar and oil. After an iron 

















belt had been placed around the chimney a few yards 
from its base, to prevent bulging, the fire was started, 
and in twenty-five minutes the bricks were lving on 
the ground in the place prepared. The illustration is 
reproduced from the Surveyor, London. 





THE MANUFACTURE OF STARCH FROM 
MAIZE. 


By J. KRIEGNER. 


THE first stage in the manufacture of starch—the 
liberation of the starch cells from the substances in 
— they are embedded—is effected in four opera- 
tions. 

1. Softening of the maize in water. 

2. Crushing and grinding of the softened maize. 
3. Mechanical separation of husks and germs. 
4. Solution and separation of the gluten. 

The softening process is conducted in wooden tanks 
of about 25,000 kilos. capacity, in which the unground 
maize is treated with water as hot as possible (60 to 66° 
C.), consistent with non-gelatinization of the stareh. 
After 12 to 24 hours the steep liquor is removed and 
renewed daily during 8 to 4 days, the temperature be- 
ing lowered each time, so that 1t finally stands at 8 
to 38° C. The softened mass is subsequently ground 
between rotating stones or rolls, or a combination of 
the two. In the first case, ordinary flat millstones, set 
sharp and placed closely together, are employed, and 
the water added during grinding is so semnaed that a 
thin, soft pulp, quite free from grits, may be obtained. 
Too coarse, or bad milling, results in loss of stareh; 
while excessive grinding has the same effect, and in 
addition leads to the production of an inferior grade 
of starch, owing to the excessive disintegration of the 
fibrous portions of the grain, whereby their fit 
separation is rendered more difficult. Under favora 
conditions, a will 3 feet in diameter will grind 25 tons 
of maize in 24 hours; but this efficiency way 
doubled by employing in conjunction with the mill & 
system of rollers. In an arrangement of this kind, 
which the author particularly recommends, the maiz 
is first crushed between fluted rolls, then pulped in a? 
—- provided with rapidly rotating blunt beaters 

e germs which rise to the surface at this stage af 
skimmed off and the remaining pulp milled as usua®, 

After milling, the starchy portion of the pulp * 
separated from the coarser impurities (husks, ete.) DY 








washing the mass on rapidly vibrating, obliquely 
mounted sieves (3 feet wide, 6 feet long) covered W 
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gne silk wauze (120 to 160 threads per inch). ‘The man- 
per in which the washing water is supplied to the 
geves is matter of some importance. The usual 
plan, a8 shown in the aecompanying drawing, in 
ghich A .\ represents the sieve surface, B B and D 
gutters for conveying starch pulp and water respect- 
ively, is" warded by the author as unsatisfactory. 
Much of tl water falling on the sieve at d passes right 
hh the gauze instead of flowing over its surface. 
This may Pe partly obviated by placing a lath imme- 
diately below the point where the water fails; but the 
pest results are obtained by supplying water to the 
under surface of the sieve by means of shallow troughs, 
handg. Although the above form of sieve possesses 
certain ad vantages over the rotatory cylindrical form, 
is no doubt that in the latter a far more uniform 
ication of the wash water and more perfect wash- 
ingare possible. In one form, which has been largely 
adopted, the inner periphery of the cylinder is fitted 
with a continuous spiral diaphragm, which compels 
the starcl) inass, during the rotation of the apparatus, 
to travel over every portion of its surface. 

For the purpose of regulating the flow of the pulp to 
the sieves, the inclusion of taps or valves in the pipe 
systei is not advisable, on account of the stoppages 
likely to occur. A plan that has been found to work 
well isto pump the pulp into a swall tank, through 
the bottom of which slide a number of open pipes, one 
toeach sieve. By sliding these pipes up or down, the 
fow may be adjusted to a nicety, The starch milk 
from the sieve is preferably divided into two parts, the 
richer (sp. gr. 6° B.) and poorer portions (2° B.) being 
collected and worked up separately. 

The remaining operation, the solution of the gluten 
which cements together the starch cells, is exclusively 
effected by chemical means, either caustic soca or sul- 
phurous acid being used. In the first instance, about 
01 per cent. of alkali is added directly to the starch 
wilk, which is then ready for immediate further treat- 
ment. In the acid process, the acid is employed at the 
very outset, about 04 per cent. of SO, being added to 
thesteep liquor. It serves not only to dissolve the 
gluten, but plays the part of a disintegrating, preserva- 
tive and bleaching agent. 

The final purification of the starch by washing, de- 
position, etc., and the drying process are carried out 
inmach the same manner as in Europe. About 85 per 
cent. of the crude starch is recovered by these pro- 
cesses, the remainder being carried away with the 
gluten. Starch produced by the acid process is usually 
of a fine white color and yields a thin, elastic paste. 
On this account it is preferred for glazing, loading tex- 
tile fabrics, ete. On the other hand, alkaline starch is 
inferior as regards appearance, but gives a much stiffer 
paste, which fact renders it wore suitable for use in 










laundries, paper bag and box making, ete. These pe- 
culiarities may be referred to the presence of traces of 
acid or alkali in the respective starches. 

The gluten (precipitated by the addition of an acid 
when the alkaline process has been used) in the waste 
liquors is recovered by filtration, dried and coarsely 
ground. In this state it forms a valuable cattle food, 
containing, as it does, albuminoids, 30to 35 per cent.. 
the same amount of starch; fat, 8 per cent.; water, 10 
percent. Another by-product, known as *‘ slop,” con- 
sists of the coarser portions of the grain (busk, ete.), 
and is usually disposed of in the moist state to farmers, 





ete. Or, if this is not possible, the slop may be dried. 
100 parts of maize yield on the average: anhydrous 
starch, 46°5 to 52; gluten meal, 18; dried slops, 18. In 
the selection of the raw material for starch manufac- 


ture, special stress is laid on thinness of husk, small- | I 


ness of germ, and a high percentage of starch. 

The Recovery of Oil from Maize Germs.—Maize 
germs contain about 50 per cent. of oil, which may be 
readily extracted by grinding and hot pressing the 
dried germs. It is, however, worth while doing this 
only in larger installations (consuming 25,000 bushels 
of maize and upward). In such cases it is usual to 
separate the germs during the crushing process in the 
manner already indicated. Crude maize oil has a 
specific gravity of 0°17, is yellowish-red in color, and 
possesses a characteristic odor of inaize. On standing, 
it deposits a small amount of granular fatty matter.— 
Dingler’s Polyt. J., 1895, 295, 39 to 42. 





















































































































MANUFACTURE OF ROCK WALL PLASTER. 


THE illustrations accompanying this were taken 
from the plant of the Rock Plaster Company, Hobo- 
ken, N. J. The plaster is composed of plaster of 
Paris, clay, cattle hair, lime, sand, asbestos and a re- 
tarding agent which prevents the material when 
mixed from drying too quickly. The sand is brown in 
color and comes from Princes Bay, Staten Island. 
The clay comes from Perth Amboy, N. J., already 
washed and free of gravel. The sand, before being 
mixed with the other ingredients, passes through a 
drying and screening process. A certain quantity is 
then weighed out and placed with the other parts 
into a machine which thoroughly mixes the material 
together. The plaster is then passed into bags ready 
for the market. The sand is carried to the drier by 
means of a screw conveyor. The trough in which the 
screw revolves is 100 feet in length and about 18 inches 
in height and width and made of wood. The thread 
of the screw is about 12 inches in diameter andthe 
flights about 12 inches apart. The sand is shoveled 
into the end of the conveyor, the serew carrying it 
along at the rate of about 50 feet per minute. About 
4 tons an hour is carried along by the revolving screw 
to the end of the trough, where it falls down into a 
chute and is immediately taken up through an eleva- 
tor by means of a cupped belt and dumped into an- 
other small serew conveyor 10 feet in length and 18 
inches in height and width, which passes the material 
along, dropping it down into a circular revolving 
drier. 

The drier is made of boiler iron, about 18 feet in 
length and about 444 feet in diameter, and revolves at 
the rate of about 13 revolutions per minute. A shaft 
yasses through the center of the cylinder, projecting 
from which are a number of arms, which are bolted at 
the ends to the shell. Between the arms are a number 
of steel fans about 2 feet in length and about 10 inches 
in width. 

The cylinder revolves on the inside of a hollow brick 
compartment about 20 feet in length, about 6 feet in 
width and about 10 feet in height. Underneath one 
end of the cylinder isa 6 x 6 foot furnace, in which 
a hot coke fire is kept burning for heating and drying 
the sand as the drier revolves. The cylinder is 
slightly inclined, having a drop ut one end of about 18 
inches. The sand, as it drops down into the drier, is 
carried or tossed around the hot revolving cylinder by 
means of the fans. By the time the material reaches 
the end of the cylinder it is perfectly dry. The heat 
from the furnace passes through the drier at the end 
and out through the chimney. The dry hot sand 
drops down from the cylinder into a hopper, where it is 
passed into another screw conveyor which carries it 
along to an elevator, which in turn takes up the sand 
by means of cups to the top of the manufactory, where 
it passes into a circular sereen. The cups are attached 
to iron bars about 2 inches in width and about 2 
feet in length. The bars are connected at the ends 
every 2 feet apart to sprocket chains which carry the 
cups, containing about one quart of sand each, to the 
sereen. The screen is about 6 feet in length and about 
2 feet in diameter and revolves at the rate of 20 revolu- 
tions per minute. The sand falls through the fine 
meshes of the screen, leaving the gravel, which passes 
off at the end into a chute and down into the yard be- 
low, where it is sold to contractors. 

About 4 tons an hour passes through the screen and 
drops down into a 25 ton hopper, from which it is run 
out into an automatic scale below, where the required 


quantity for mixing is weighed. 


The clay, which is hard and chunky, is broken up 
by an attendant and shoveled into a rotary grinding 
mill and pulverized. The ingredients, consisting of 
lime, plaster of Paris, sand, ete., which amount to 
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MANUFACTURE OF KOCK WALL PLASTER. 
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about one-half ton in weight, are placed in the hopper | 


below the scale and dropped down into the mixer, the 
apparatus by means of a numberof arms or paddles 
inside thoroughly 
three minutes. The mixed plaster is then run out of 
the apparatus into a receiving hopper below and 
packed into bags weighing 100 1b. each. 
hands turn out about 55 tons of plaster per day. 

The plaster when nsed is mixed with from two to 
three parts sand, the sand and plaster being tho- 
roughly mixed together before adding water. 


BELL RINGERS. 


EVEN to the faithful, the legendary voyage of the 
bells to Rome passes to-day almost unperceived. For 
there is less ringing of bells than there was formerly 
especially at Paris, and the full peals of Easter and 
Christmas have themselves been sacrificed in part. 

The republic has often been accused, but wrongly, 
of having interfered with the free exercise of worship. 
The canons of various councils forbid the use of bells 
for laie purposes, save in the cases of peril or absolute 
necessity, and a decree of the council of state of 1840 
limits the intervention of the local police to the inter- 


METHOD OF RINGING A BELL. 


diction of bell ringing contrary to good order and pub- 
lic safety. The third republic has not admitted such 
jurisprudence, and alaw of April 5, 1884, recognized 
the right of mavors to use bells in certain definite cases, 

A few months later on a ministerial decree made 
regulations concerning religious and civil ringings. 


RINGING THE ANGELODUS. 


For some reason or other, the ecclesiastical authority 
cannot now have bells rung before four o'clock in the 
morning and after nine o’clock at night, from Easter 
until October 31, nor before five o’clock in the morn- 
ing and after eight o’clock at night from November 1 
until Easter. Exception is made for Christmas eve. 
As may be seen, there is nothing vexatious about such 
restrictions, 

But the musie of the bells has become very dear 
music, and that is the sole cause of its decadence. 

The setting in motion is easy. The bell is fixed by 
its upper ring to a strong oak beam provided with 
trunnions that slide upon fixed bearings or roll in a 
system of sectors. As a general thing the weight of 
the beam is light as compared with that of the bell, 
and the center of «ravity of the whole is so calculated 
that the clapper shall strike the upper lip of the bell 
and immediately fall, allowing the vibrations to de 
velop in their entire amplitude. In the south, where 
bells are of light construction, the beam balances al- 
most the entire weight of the bell. It is then the lower | 
lip that strikes the clapper, which it raises along with 
it to the end of its travel. The clapper thus remains 
adherent to the metal that it has struck 
vibrations are sensibly muffled. 

Whatever be the method of suspension, however, the 


and the| 


wixing the materials up in aboat | 


Fifteen | 


| ringing. 
| this coneatenation of sounds, and to direct the ring- 


manner of ringing is the same. 


the beam, and upon its two faces, is fixed a lever, 


| which, on being pushed with the foot, causes the en- 
Each man thus prodaces a work 
double that obtained with the rope, and huge masses 
Although an error, it is still 
believed that starting from a certain weight we | — 

n this 
regard there is no limit, provided the belfry be — 

x 


tire system to swing. 

may be set in motion. 
| to discontinue the ringing of bells in peals. 
int 


of supporting the concussion. The great bell of 


Sulpice, represented in one of our engravings, weighs 
The 
bell of Notre Dame weighs 35,000 pounds and requires 
Small bells of 6,000 pounds are maneu- | 


| 18,200 pounds and is maneuvered by four men. 


eight men. 
vered by two men. 

As may be seen from one of our engravings, the art 
of ringing bells is a genuine gymnastic exercise. Stand 
ing upon a beam and grasping handles fixed to the 
framework, the ringer pushes the lever, and is obliged 


to undergo violent contortions in order to follow the 
With a little muscle it is nothing to 
ring a bell, but when the latter forms part of a chime 


bell in its travel. 


the thing is entirely different. } ; 
Before the revolution, certain large parishes, Saint 
Sulpice among others, possessed gamuts of eight 


RINGING THE 


bells. At present four are regarded as sufficient—the 
large, medium, intermediate and small bell, each giv 
ing a different note with two intervals of a tone and 
halftone. The order of the successive sounds pro- 
duced by three bells at the least ringing a full peal is 
called a chord. 
bell ringers have transmitted from time immemorial ; 
the diseord, the belle enfant, the tintentipot, the ro- 
maine, the rebours and the sonnerie des morts. 

If it be reflected that, in the short time necessary for 
the clapper to strike the two lips of a bell in a peal, 
the three other bells must give their distinct note in 
succession, the difficulty of pushing in measure will be 
understood. The sounds increase with such rapidity 
that the least retardation of one bell with respect to 
the other suffices to make the two bells give their note 
at the same time. It is then almost impossible to catch 
up, and if the peal be not stopped, the cacophony be- 
comes general. The problem becomes complicated 


| when it is desired to make variations, that is to say, 


to pass from one air to another in the course of the 
It belongs to the “accordant” to regulate 


ers, who are simple maneuverers, Accordants were 
still learning their business thirty yearsago. Some 
pious melomaniacs made a request to have themselves 


At each extremity of 


BELLS 


There are six principal chords that | 


, SSS 
inscribed in the parishes as apprentic: ringers, 
not being able to study in the belfry every day the 
repaired for exercise to the loft of the Hi\\\-brand¢ hey 
dry, where a set of bells was obliging put at theip 
disposal. After five or six years of pus!iiig, the 
capable became accordants. None of tii -<e amatey, 
was remunerated. It was a much envied |) nor to “ 
mand a bell in a large parish. com. 

These elevated recreations are now no | 
ated. Amateurs of music have turned 
portable instruments, and, in measure a 
cordants have become deaf, the church. 
to replace them by any mercenaries what. 

The peal lasts about a quarter of an 
bells of a certain weight, 20 cents is paid 
ers and 50 to the accordants, say 70 cen: 
|fourimen, This makes the full peal cost ii, 
| borhood of three dollars. 

It may be readily seen what the expense would now 
be of the eighteen peals formerly reglemei\tary every 
Sunday at Saint Sulpice and in many other parishes 
That is why we hear all the bells rung wily at the 
three or four great festivals of the year. On Sunday 
two peals are made to suffice, one at the bevinning of 

| mass and the other at the beginning of vespers, “9 
pers, iT) 





our. ‘For 
» the pash. 
per bell of 
he neigh. 


AT SAINT SULPICE. 


| week days the curate’s mass simply is rung. The head 
| ringer, standing under the bell, pushes the clapper 
|slowly with his hand, enveloped in a vortex of sono 
ous waves that add one degree more to his deafness 
He rests on ringing the Angelus. 

There are, therefore, too few working hours to allo¥ 
| accordants to learn their business, so we find no mor 
apprentice ringers. Paris is perhaps that city of the 
world in which the poorest ringing is done. The pat 
ish of Saint Laurent alone has preserved good _tradt 
tions. Not so well, however, as the ringers of Bagnae 
let, since it is the latter that have the confidence o 
the Hildebrand establishment for the “first” of the 
bells leaving its works. ‘ 

Before long the last of the ringers will have the? 
knell tolled. Lost in their towers, they are finishilg 
their life in bewailing the chimes of the year gone YY; 
and the picturesque figure of the ringer of Saint Sul 
yice that Huysmans has so charmingly presented @ 

a Bas will soon rejoin the shade of Quasimodo ™ 
the legend.—L’Illustratior. 


_ LIVERPOOL is the mest densely populated city in 
Great Britain, having a population of 97°9 per acre 





114 per acre excluding the docks and quay. 
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QHEM!(AL INDUSTRY AT THE CHICAGO 
EXHIBITiON.* 


_ aE « uthor of this report, who is professor of chem- 
jeal tec! nology at the Royal Technical High School 
of Berli:, in his visit to the United States in the sum- 
wer and autamn of 1893, set before himself two objects 
—a study of the products of chemical industry exhib- 
ited at Chicago and an examination of the present 
e and future prospects of chemical manufactures 

in this country. 
Whil: acknowledging with gratitude the obliging 
readiness of individual exhibitors, and of those con- 
vith American manufacturing establishments, 
to affor information, he makes more than one signifi- 
cant allusion to defects of management which marre+ 
the Chicago exhibition for thoughtful students of it as 
a serious display of the world’s work—the imperfec 
tion with which much of the pretentious plan was car- 
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become well established in this country and owe much 
in the way of improvement to American skill and en- 
terprise, are excluded from consideration in the report. 
Thus metallurgical processes, and all those processes 
more or less closely connected with food, such as the 
preparation of sugar and starch, brewing, distilling, 
ete., are omitted. The subject is treated under three 
main heads—fuel, inorganic chemical products and 
chenical products of organic origin or character. 
Under the first head there is a condensed account of 
American petroleum, its varieties, distribution, extrac- 
tion, and refining, including some comparison with the 
treatment of the analogous Russian product, and some 
notice of its special value as heat producing fuel in 
certain manufacturing operations. Attention is drawn 
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SUGGESTIONS FOR CORNER DECORATIONS. 


to the mineral oil distilled at Sydney from the bitumin- 
ous shale of New South Wales, this shale being re- 
ported as existing on quite a large scale. 

In noticing the abundance of coal in the United 
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From Moderne Innen-Decoration. 


ried out, the difficulty of finding many things scat- 
tered among the huge buildings, the uselessness of the 
official general catalogue, the poor light in large por- 
tions of the space devoted to exhibits, ete. He found 
but three countries at all worthily represented in the 
fiel¢ of chemical industry—namely Germany, the 
United States, and Japan—and felt most interest in 
the contrast presented by his own country, of origin- 
ally limited resources, but now possessing the most 
highly developed chemical manufactures, with the 
hited States, gifted by nature with resources in the 
Way of raw material wonderful in extent and variety, 
but barely beginning to develop and utilize them. 
me very important branches of industry depend- 
ent upon chemical principles, including some that have 





‘ne German Official Pout on Chemical Industry at the Chicago Exhibition 
Dr. Otto N. Witt. Die chemische Industrie anf der btm ng 





zu Chicago, und in den Vereinigten-Staaten von Nord-A 
Berlin, 1894.—From the Americap Chemical Journal. 


States and its immense importance for the future, with 


which the author was greatly impressed, he finds it | “the only one in America, 
least troublesome to mention the States only (nine in | way of | 

number)in which workable coal has not been found, | meet actu 
He observes the less depth of most American coal | up all by: 
mines than of those in Europe, and hence in part the | heard of t 


minous coal, as is now quite successfully done in the 
Rhenish provinces and in Silesia. He understands that 


‘the great extension of electric lighting. aud the general 


use in the larger cities of the United States of ‘‘ water 
gas” * instead of coal gas proper for illuminating pur- 
| poses, offer little prospect of tar and ammonia products 
growing in importance in the future, although the 
Solvay process soda works at Syracuse, N. Y., have 
started an experimental set of Semet-Solvay coke 
ovens, saving the by-products. Hence the outlook for 
American competition in the multifarious chemical in- 
dustries based upon the constituents of tar does not at 
all alarm the German observer. It would seem, how- 
ever, that the enormous demand in this country for fer- 
tilizers of all kinds, including the nitrogenous, ought to 
lead the managers of the great Pennsylvanian and 
West Virginian coke works to look carefully into this 
question of saving the by-products obtainable by some 
of the more modern types of ovens. If the day has 
not yet come, or perhaps may never come, for rivaling 
here the — German factories for coal tar colors, 
medicinal agents, artificial perfumes, etc., it does not 
seem certain that the crude benzene, toluene, anthra- 
;cene, phenol, and the like, might not be made with 


profit on a large scale in Awerica, by first distillation 


of tar, if the tar itself were saved in adequate quantity 
to build up a large business. 

The reporter comments, as so many others have done 
before him, on the reckless destruction of wood in the 
great forest-covered regions of the United States. He 
notes the fact that the dry distillation of wood, yield- 
ing acetic acid, rg 6 alcohol, and acetone, is carried 
on in this country; but this industry was not repre- 
sented at the Chicago exhibition, and he apparent! 
did not hear of some interesting peculiarities whic 





American works have developed in connection with it. 

As respects the prime natural materials for chemical 
industry on the great scale, Dr. Witt does not con- 
sider the United States so highly favored as Europe. 
He notes the fact that this country is now the greatest 
consumer of sulphur (as such) in the world, pointing 
out that in 1889 there was imported from Sicily three 
times as much as was taken by England in the same 
year, some moderate amount coming in from Japan 
at San Francisco, a few hundred tons only of domestic 
sulphur being supplied by California, Nevada, and 
Utah, and none yet furnished by the great Louisiana 
bed in Calcasieu Parish,which is so far known only 
by borings. The reporter seems to look for little in- 
crease in the use of pyrites for making sulphuric acid, 
observing that only Massachusetts and Virginia furn- 
ish pyrites in any important quantity, but on this 
point he probably underrates the influence of present 
commercial conditions favoring the use of native sul- 
saree. and the possibilities of the future in the way of 
—— supply of — (as from Georgia, New York, 
and some of the Western States) under the stimulus of 
increased demand. He not unnaturally speaks of rock 
salt in the United States asa small affair in comparison 
with the vast European deposits at Stassfurt, Wie- 
liczka, ete., but hardly does justice to the extent of 

roduction of American boiled salt for the country at 
arge, though he describes with interest the many 
square miles of shallow wooden tanks at Syracuse for 
evaporation of brine at atmospheric temperature, and 
notices the exhibit at Chicago of boiled salt from the 
Great Salt Lake of Utah. Mention is made of ‘‘ab- 
raumsalz” (kainite) as shown from the Louisiana salt 


| bed on Petit Anse Island, but it may be questioned 


whether there was not some mistake about this. It is 
conceded that American limestone is abundant and 
widely distributed. Manganese ore is said to be 
chiefly used in this country for decolorizing glass, but 
this statement seems to ignore the great scale on which 
itis now called for by the large steel works. It is 
stated that large quantities of oxide of manganese in 
the form of ** Weldon mud” are imported into the 
United States and used in coloring tiles and terra 
cotta blocks in imitation of, or to harmonize with, 
**brownstone.” Notice is taken of the native carbon- 
ate and sulphate of soda from Wyoming as interesting 
American specialties. The only worthy exhibits of 
crude chemical materials from Europe were those of 
English salt and German (Stassfurt) potash and mag- 
nesia compounds, 

There was practically no general display at Chicago 
illustrative of the production of acids ee alkalies on 
the great scale. otice is taken of the extensive use in 
America of Sicilian and “regenerated” sulpbur for 
making sulphuric acid, and the consequent greater 


freedom of the acid than in Europe from arsenic, mak- 


| 


| ing easier the veguemnon gy of pure bydrochloric and 
nitric acids. T 


e great demand now for bicarbonate 
of soda, gruwing out of the widespread use of ‘‘bak- 
ing powders” and the large consumption of soda water, 


|and the more frequent. use than in Europe of carbon- 


ate of soda instead of sulphate of soda for glass making, 
are facts shown to bear sooner on the question of 
thealkaliindustry becoming established on a great scale 
in America, Few facts in regard to chemical manu- 
factures are more remarkable than that tbis has not 
yet taken place. Notice is taken of the ammonia 
soda works at Syracuse, N. Y., operating under the 
Solvay patents, but making no separate exhibit of the 
product, which was shown in the French department, 
and very favorable comment is made on the cryolite 
soda works of Natrona, Pa., the special raison d’etre 
for which is taken to be the large demand in the 
United States for aluminum salts for paper making, 
dyeing, ete., with relative scarcity of bauxite ; the 
atrona establishment is spoken of as a good example, 
"ofan undertaking in the 

chemical manufacture well devised to 
conditions, complete in itself, aud working 
roducts. Dr. Witt does not seem to have 
e large alkali works which are being built 


superior cheapness of the proddct—also the freer | at Saltville, in Southwestern Virginia, at which it is 
choice between anthracite and bituminous coal over a| proposed to operate on both the Leblanc and the 
large part of the country. He comments on the oc-| ammonia soda plans. An extended account is given 
currence of the most valuable coal beds in the regions | of the exhibit mace at Chicago in the Englixb section 


comparatively near the Atlantic coast, while the coal 
of the interior of the continent is for the mos 
of more recent age and poorer in quality, an 


part the United Alkali Company, the la 
eon- | chemical manufacturing company in the world, with a 


by the great “syndicate” (formed in 1890), known as 
est joint stock 


cludes from this difference that to the Atlantic States | total capital of nearly £9.000,000 sterling, uniting 45 
belongs, in the main, the future of chemical manu-} great chemical factories, 3 salt works, 2 soap factories, 


facturing on the great scale. 
of efforts to secure smoke consumption, and was sur- 


prised to find so little progress toward saving the by- | which ilaminating gan of puch highly 


products (tar and ammoniacal liquor) of coking bitu- 


He did not see any sign and 1 resin refinery. Attention is drawn to several of 





is severe in his allusion, later on, to the recklessness with 
poisonous character is admitted to 
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the special products of this company, such as the very | States is remarked, and the absence at the exhibition 
convenient caustic soda in powder (pulverized in closed | of much that was new in the manufacture of candles 
wills, excluding the air), the “crystal carbonate of | and soap, though there was a good deal of both pro- 
soda” (crystallized hot, with but a single molecule of | ducts to be seen, especially of the latter. Favorable 
water of crystallization), which has the advantage over| mention is made of the excellent glycerine made by 
ordinary soda crystals of greater concentration and | Jas. 8. Kirk & Company, of Chicago, from the under- 
offers an equal guarantee of purity, the sodium chlorate | lye of salted-out soap, by evaporating, crystallizing 
(with greater solubility than that of potassium chlor- | out most of the salt (to be used over again), precipitat- 
ate) for print works, the barium chlorate giving aniline | ing the last remains of the fatty acids in the form of 
chlorate by interaction with aniline sulphate,the sod- | insoluble salts of caleiam and aluminum, and distill- 
ium tmanganate for use as a cheap disinfecting material, | ing the glycerine under much reduced pressure. 
the finely pulverulent chromium trioxide in airtight | As a whole the report is interesting, more so than 
packages for Bunsen batteries, and the regenerated ;} might have been expected from the inadequate and 
sulphur from the Leblane process, ot which 40,000 or | irregular way in which the chemical products of the 
50,000 tons a year are produced, much of which finds a | world’s industry were exhibited at Chicago. 
market in the United States to be again converted into Some new things that either have already attained 
sulpharie acid. importance, or seem likely to soon become import- 
Ammonia soda appeared at the exhibition not only | ant, are left without notice. Silver refining and cop- 
from the Solvay works in France (Varangeville-| per refining by electrolysis are omitted, perhaps as 
Dombasle), but from English and Russian establish- | metallurgical processes, but it is surprising to find no 
ments. discussion of the attempts being made to decompose 
Under the head of materials used as manures it is re- | couuon salt and potassium chloride by the electric 
marked that Germany holds essentially a monopoly of | current, and so tomanufacture by more direct meth- 
potash salts ; that the United States depends for nitro- | ods than those now in use, the caustic alkalies and al- 
genous material upon South American nitrate of soda | kaline carbonates, bleaching powder, chlorate of potash 
and European sulphate of ammonia, neglecting the | or soda, ete. Noris there any notice of the produc- 
advantages offered by modern coke ovens for saving | tion in the electric furnace of caleium carbide to be 
the nitrogen of coal, but that to this country must be | used in the production of acetylene for carbureting or 
coneeded the tirst place in the supply of phosphates. | enriching illaminating gas (this has been going on in 
The reporter fully recognizes the great importance | North Carolina fora year or two past). In the 
of the phosphate deposits of South Carolina and Flor- | thoughtful diseussion of American chemical industry 
ida, espeeially the latter, which he visited and gives |—present and prospective—it may fairly be said that 
some description of. the greatest omission is that of any notice of the 
The extent and importance of the Awerican manu- | baneful influence in this country of vacillation in leg- 
facture of glass are noted, though this industry was | islation on commercial and industrial matters. How- 
very poorly represented at Chicago. The reporter was | ever people may differ in their views of public policy 
impressed by the good results of using (since 1880) fur-| in respect to such matters, there is no room for doubt 
naces fired with natura! gas, and also with artificially that uneertainty is the worst of all public enemies 
prepared gaseous fuel (*‘ generator” gas), the high and | to industrial enterprise, and from this the United 
easily controlled temperature of these furnaces having | States has suffered much in the past, and seems to 
regenerative chambers on the Siemens principle being | have little chanee of exemption in the fature. 
very advantageous. The development in this country | J. W. M. 





of the manufacture of pressed glass is favorably no- = 
i ehhe great European glass works were unrepresented THE CAUSE OF LUMINOSITY IN THE 
os . ; —— » > ‘4 ‘ ry ‘ we 

at the Chicago exhibition, with the exception of a FLAMES OF HYDROCARBON GASES.* 

handsome display of Bohemian ornamental glassware By Prof. Vivian B. LEwEs. 
Notice is taken of the important improvements made of : 
late in Germany in the composition of glass for various 
scientific purposes, the Jona lass for optical instru- 
ments, for thermometers, and for chemical laboratory 
vessels (resisting ordinary liquid reagents to a remark- 
able extent); and it is observed that Japan for the 
first time sent forth glass of her own manufacture. 


I showed that in the inner non-luminous zone of a 
flame of ordinary illuminating gas the hydrocarbons 
originally present in the gas, and consisting of ethyl- 
ene, butylene, benzene, methane and ethane, became 


IN a paper read before the Chemical Society in 1893 | 
pat ; 


The supporters of the solid-particle the. r¥ of tem, 
nosity agree in concluding that the liberated carbon, 
existing as it does in a condition of molecu!:r division, 
is heated to incandescence partly by its own combus. 
tion and partly by the combustion of th. hydragen 
and carbon monoxide going on around the 
divided carbon particles. ‘As has been pointed 6 b 
many observers, it is clear that the carbon part y 
themselves undergo combustion—otherwise they would 
escape unburned from the flame—while it i. manifest 
that the combustion of hydrogen and carbon monoy. 
ide, which plays so important a part in the flame 
must add its iota to the temperature attained py 
| them. y 
| Both these sources of temperature, however, woulg 
|be manifest in the flame itself, and with ‘lames of 
| given size burning from the same description of jet we 

ought to find that their luminosity is governed by— 
| A. The temperature of the flame. : 
B. The number of carbon particles in a given area, 

| Moreover, we should expect that the higher the 
temperature of the flame, the whiter would be the 
light emitted ; so that a comparatively low tempera. 
| ture flame, even when rich in carbon particles, would 
| be yellow and lurid as compared with the flame eon. 
| taining the same or a smaller number of particles, but 
| which had a higher temperature. 

| Temperatures and Illuminating Values Opposed,— 
| It has been pointed out by Professor A. Smithells that 
| it is erroneous to consider the temperature of a flame 
|as being the temperature recorded by thermowetrie 
| instruments inserted into the flame, as by such devices 
| you only obtain the mean temperature of a consider- 
jable area of the flame uncorrected for loss from con- 
}duction. (Phil. Mag., 1894.) It is also pertectly well 
| known that in a flame a thick platinum wire may only 
| be heated to redness, while a thin wire may even be 
ifused; and this suggests that flame temperatures 
|taken by the Le Chatelier thermo-couple of platinum 
|}and platinum-rbodium wires way be totally incorreet, 
In using this beautiful and convenient device, I have 
found that the length of the wires twisted together 
makes practically no difference in the recorded tem- 
| perature, and that one twist is as good as six. 

| In all my flame experiments I have made the twist 
| as short as possible; and by always using wires of the 
'same thickness have obtained results which are, at 
any rate, comparable, if not correct. In order to find 
what difference the thickness of the wires would make 
{I got Messrs. Johnson and Matthey to draw for me 
| wires of 0°018, 0°011 and 0°008 of an inch diameter: and 
| having calibrated the galvanometer scale for tempera- 
| ture with thermo-couples of the same length of twist 





converted, by the baking action of the walls of flame | made from each of them, I obtained the following re- 


Clay ware was much better shown than glass at Chi-| between which they had to pass, into acetylene, and | sults with the same portion of a Bunsen flame : 


. s. ‘ luminosity commenced over 

cago, and the reporter seems to have felt especial in- that at the moment when ) ei ot a 

terest in the details of some of the methods by which | 80 per cent. of the total unsaturated hydrocarbons | eg <a an 

more or less new results were obtained. present consisted of this compound. — O01... ... yp Riag ean ae RY Ds .- Pe 
Mention is made of a new porcelain ware introduced rhe presence of acetylene at the point where lumi- | ee ee eee an : 

at the Roval Porcelain Factory, of Berlin, which is | 2osity commenced naturally suggested that the lumi- ee , 365 


very refractory and becomes, not denser, but more 


nosity was in some way due to actions in which the | 


These results show that the diameter of the wire 


porous in the firing—valuable for removal by filtering | acetylene played the principal part—either that it split | seriously affects the temperature recorded under these 


of bacteria from water, for porous diaphragms in elec- | Up into carbon and hydrogen under the influence of 
trolysis, ete. ‘Chere isan interesting account of Japan- | beat, and so supplied the flame with the solid particies 
ese clay work, including mention of ‘* Kaga” (hard | necessary according to Sir Humphry Davy's theory 
»orcelain) figures formed, not in moulds, tut by free of the cause of luminosity, or else by its polymeriza- 
fend sculptor’s modeling. In connection with the| tion it formed the dense vapors required by Dr. E. 
chemistry of clay ware, the extensive use in the Frankland’s more recent hypothesis. 
United States of Weldon mud for coloring terra| The Solid-particle Theory Upheld.—In order to 
cotta, and the free addition of precipitated barium | elucidate this point, I carried out the long series of 
carbonate to prevent efflorescence, receive notice. experiments upon the action of heat upon flowing 
Under the head of chemical apparatus and appli-| ethylene and other hydrocarbons which formed the 
ances, the very handsome displays made by Hereeus, of | Subject of communications to the Royal Society in 
Hanau, and Johnson and Matthey, of London, of plat- | 1893 and early this year, in which I showed that, while 
inum apparatus, the rare platinum metals and their | flowing through a heated area (the a of 
salts, etec., are spoken of with deserved admiration. which was between 800° and 1,000 C.), ethylene decom- 
Among the smaller and finer products of chemical | posed according to the equation— 
manufacture the two most interesting novelties noticed 3C,H, — 2C, H, + 2CH,, 
were both American ; viz., the oxides and salts of the 
rare earthy metals, thorium, zirconium, yttrium, lan-| and that the acetylene then polymerized into a large 
thanum, ete., prepared from North Carolina monazite,| number of more complex hydrocarbons, among 
zircon, ete., and used by the Welsbach Incandescent | Which benzene and naphthaline were conspicuou-, 
Gas Light Company, in regard to which it is noted | while at temperatures above 1.200° C. no polymeriza- 
that the higher temperature afforded by ‘natural gas” | tion took place, but the acetylene formed from the 
gives a better light from the wicks made by skeletons | ethylene decomposed at once into carbon and hydro- 
of these metallic oxides than when artificial ‘“ water! gen, while the methane, which up to this temperature 
vas” is used, and the new carbide of silicon, or “ear-| had been but little affected, decomposed into— 
borundum,” made by Acheson, of Pennsylvania, from 2CH, -= C.H:+ Hs, 
sand, coke and a little common salt intensely heated 
in an electric furnace. ; and this fresh supply of acetylene at once broke up to 
As to the value as an abrasive of this material the | carbon and hydrogen; so that at temperatures above 
reporter states, on the authority of Dr. A. Miethe, that 1,200° C. the complete action might be looked upon as 
its effect on glass is nine times that of the best emery. | being— 
I C,H, — C, + 2H: 


Mixed with 30 percent of refractory clay, carborun- 
dum is moulded into cutting and polishing wheels, and These results have an important bearing upon the 
pen ane nn age age gg ~ = rather cause of the luminosity in the flame, as it is manifest 
‘ ; © wonder with Wich were re- that if the temperature of the luminous zone is above 
garded the light color and inalterability of sticks of 1,200° C., the light emitted must be due to ineandes 
' :e ite , ns Phila: | “*” ve . . - 
phosphorus exhibited by J. J. Allen’s Sons, of Phila: | cuit particles of carbdn, and not to incandescent hy- 
delphia, explained by the fact that for safety’s sake drocarbon vapors 
the sticks exhibited were made of paraffine . | On determining the temperature of an ethylene 
Phe brief mention of bromine from Pomeroy, Obio, | game, while burning from a small fish-tail burner, by 
i of Cali a borax 4 see indicate ade- - sca tet Reals Enc art 
and of California borax, does not seem to indicate ade-| neans of the Le Chatelier thermo-couple, used in the 
way described in my paper on the luminosity of coal 


quate appreciation of the capabilities for production 
the regions i ’ i arked, : ‘er- . 

of the regions in question, It is remarked, and cer gas flames (Chem. Soc. Journal, 1898), I found that the 

temperatures were as follows: 


tainly with entire justice, that by far the most exten- 
sive and ——- exhibition of ,chemical preparations | 
was that made by Germany; in fact, no other country 
made anything like a worthy display. Among the| 
novelties included in the German collection special 
mention is made of potassium cyanide free from 
evanate, ade by acting with metallic sodium on the 
ordinary cyanide, and intended for use in the metal- 
lurgieal extraction of gold, and notice is also taken of 
piperazine, so highly recommended of late as a solvent 
for uric acid. 

The reporter found at Chicago little that was new 
or worthy of special wention in connection with dye 
ing or calico printing. He mentions with interest 
some Japanese ornamental work on silk, in which the 
effect was produced by a combination of printing and 
free hand painting. This union of block and brush 
work is of great antiquity (apon cotton) in India. 
There was but a poor display of textile materials; it is 
observed as particularly disappointing that so insigni- | 
ficant an exhibit of raw cotton should have been made | 
by the greatest cotton producing country of the 
world, 

The comparatively swall use of candles in the United | 


Portion of Flame. 
Non-luminous zone..... 
Commencement of lami- 

ane ee 
Top of luminous zone... 2 
Sides of luminous zone... — 


Height above Burner, Temperature. 
L¢ inch. 952° C. 


— 


“* 1,340 ** 

* 1,865 “ 

" 1,875“ 
Showing that luminosity commenced at 1,340° C., and 
continued even at 1,875° C., temperatures at which the 
incandescent vapor theory becomes untenable. 

It might be urged that the heavy hydrocarbons 
already produced at a lower temperature in the non- 
luminous zone are not so easily decomposed by heat as 
acetylene, and that these may be causing the lumi- 
nosity, even though carbon particles be present from 
| the decomposed acetylene; but this would hardly be 
possible, as so little besides acetylene is to be found at 
the top of the non-luminous zone of an ethylene flame, 
and it can be experimentally shown that even when 


gins to break up and deposit carbon-at 1,200° C. 


* Communicated to the Royal Society. 





benzene vapor is formed and is largely dilated it be-| 


| conditions by the thermo-couple, the same degree of 


|+heat being recorded by the fine wire as being 248° het-» 


| ter than is shown by the thickest wire employed. This 
| diserepancy is probably chiefly due to loss by condue- 
tion. 
In taking the temperature of heated gas flowing 
through a tube, this source of error is but small, as, 
| some considerable length of wire being heated on each 
|side of the twist, conduction has but little effect on 
| the thermo-couple itself; but in determining the tem- 
| perature of flames it is manifest that the finest usable 
| wire must be employed, in order to reduce the error 
|from conduction. Text experiments also showed that 
no part of the thermo-couple must project beyond the 
flame; if it did, a considerable diminution in the re- 
corded temperature took place. 

For these reasons it was manifestly best to use the 
| finest wire which could be employed without the risk 
| of fusing at the temperatures existing in the flames to 
|be tested. All temperatures recorded in this paper 
| were made with wire 0011 inch in diameter, the twist 
|being as short as possibie; so that it is probable, 
|although the temperatures may be from 100° to 200° 
| too low, that the results are strictly comparable. 
| Experiments which I have lately made with pure 
| acetylene, prepared by the action of water upon calcie 
| carbide, show it to be the most powerful illuminant 
| to be found among the gaseous hydrocarbons, as when 
| burned in a small flat flame burner under the most 
|suitable pressure, and its illuminating power calcu- 
lated to a flow of 5 cubie feet an hour, its value is equal 
{to about 240 candles. The color of the flame is pure 
| white—an ethylene flame beside it looks yellow and 
dull. The purity of the light at once suggests a very 
high condition of ineandescence in the particles of car- 
bon present in the flame. On taking the temperatures 
of the various portions of the flame and comparing 
these with the temperatures obtained in the same way 
with the ethylene flame and a coal gas flame of the 
same size, the following results are obtained : 


Ethylene. 





| 
} 
} 


| 
| Portion of Flame. 
Non - luminous 
| BOMB. ccccccc ce 
Commencement 
of luminosity... 1,411 * 1,340 *“ 1,658 “ 
Near top. of 
luminous zone. 1,517 ** 1865 *“ 2,116 “ 


Acetylene. Coal Gas, 


459° C, 952° C. 1,023" C. 


The illuminating values of the gases, calculated to @ 
flow of 5 cubie feet an hour in the burners best suit 
for their consumption, are : 


BIEL, . ..crthveskenichenve iemeiaace« SO 
Ethylene.... .. OL ATE ON Sahel’ 68°5 
Giik« <étéensecnes bend éachequemes* 1638 


If all were compared when burning from flat flame 
burners of the same size as those in which the tear 
peratures were determined, the results, when caleu- 
! — to a consumption of 5 cubic feet an hour, would 
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Here, then, we have the anomaly of three gase® 
which not only do not conform to the preconceived 
expectation, but which have their ratio of tempe™® 
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uw and illuinating value directly opposed to each 


the cass of the acetylene and ethylene, moreover, 

the molecu |s contain the same nuw of atoms of 
and yet we obtain so enormous a discrepancy 
in their jlluminating value. - 

fact (pat there is no apparent relation existing 
een the temperature of the flame, or the probable 
pamber of ‘arbon particles contained in it, and its 
flaminatin: value, at once suggests that the luwi- 
posity must be, in great rt, governed by some 
thermo-che:nical changes t sing place in the flame 
itself, and vhieh do not, of necessity, affect the aver- 

temperatare of the flame to any great degree. 

e researches of Hittorf (Wied. Ann., vol. vii) 
and Siemens. showing the air, steam, and the oxides 
of carbon. cven when heated to temperatures above 
those existing in luminous hydrocarbon flames, are 

ectly non-luminous, and the fact that the Bunsen 
fame, When sapplied with sufficient air, has a tew- 

ture exceeding 1,800° C. in its hottest part, and 
yet it emits no light, show us that it is exceedingly un- 
likely that any interactions leading to luminosity take 
place among these ordinary flame 

Acetylene Solves the Problem.—The fact that most 
of the unsaturated hydrocarbons in the flame are con- 
yerted into acetylene before luminosity commences 
naturally draws one’s attention to this body, and the 
fact that it is highly endothermic at once suggests the 
idea that it may be the liberation of heat during its 
decomposition that endows the carbon particles pro- 
duced from it with an ineandescence far higher than 
any which could be expected from the temperatare of 
the flame. 

Berthelot has caleulated that the temperature devel- 
oped by the detonation of acetylene at constant vol- 
awe is no less than 6,220° C.; andif this be imparted 
at the moment of its liberation to the products of its 
decomposition, the incandesecence of the carbon par- 
ticles is at once explained. If luminosity be even 
partly due to this cause, the detonation of pure acety- 
lene, first recorded by Berthelot, should develop light. 
In order to see if this were so, a thin glass tube, closed 
by a cork, had a detonator containing one-tenth of a 
gramme of mercuric fulminate suspended in it by two 
copper wires, which were connected by a thin plati- 
num wire in contact with the fulminate; on firing the 
detonator by the electric current the flash of the ful- 
minate was found to emit but a feeble light. 

The same charge was firedin a similar tabe filled 
with pure acetylene collected over mercury, the result 
being a flash of intense white light and the shattering 
of the tube, the pieces of which were thickly coated 
with the earbon produced by the decomposition of the 
acetylene. Moreover, the small piece of white tissue 
paper used to contain the fulminate was only scorehed 
at the points where the explosion of the fulminate 
had burst through it, showing that in the instan- 
taneous decomposition which had taken place the in- 
tense heat which had been developed either was con- 
fined to the products of decomposition or else had not 
had time to scorch the paper. 

The experiment at first sight seemed conclusive evi- 
denee that it was the endothermic nature of the acety- 
lene which, during its decomposition in the flame, en- 
dowed the particles of carbon with the necessary in- 
eandescence, but the objection presented itself that 
when exploding mixtures of oxygen and hydrogen in 
the eudiometer a distinctly luminous flash is produced. 
Although the light so obtained is feeble, as compared 
with the intensity of the white light produced by the 
detonation of the acetylene, still further proof is neces- 
sary before this action can be accepted as the prime 
factor in producing luminosity. 

It is also manifest that it would not do to assume 
that the rapidity of the decomposition of the acety- 
lene in a flame is nearly so great as when the undi- 
luted gas is detonated, and the question arose as to 
whether it would be possible to obtain evidence as to 
acetylene, when exposed to heat alone, liberating car- 
bon in a luminous condition. 

Although the instantaneous liberation of heat on 
the decomposition of the gas by the detonation ap- 
pears to confine the temperature to the products of its 
decomposition, it was to be expected that, on being 
decomposed by heat, and probably, therefore, at a 
slower rate, the increase in temperature might be de- 
tected. To try this, pure acetylene was passed through 
a Conger tube 2 mm. in diameter and 40 em. long, in 
which the Le Chatelier thermo-couple was arranged 
as follows: The two wires are twisted together for a 
length of 3mm., and the wires on either side of the 
twist are then through thin glass tubes, which 
are fused on them. Having been in this way coated 
with glass, so that only the twist is exposed, they are 
passed through the platinum tube, the glass insulating 
the wire from the metal of the tube and also keeping 
the thermo-junction in such a position that it registers 
the temperature of the gas in the tube, not that of 
the wall of the tube. To each end of the platinum 
tube glass T-pieces are fitted, down the stems of which 
the wires pass to mercury seals; from the metal seals, 
conducting wires lead to the resistance coils, the key, 
and a reflecting galvanometer. 

A steady flow of acetylene was allowed to pass 
through the tube, and was led into the water at the 
other end. The tube was slowly and carefully heated 
for about 4 inches of its length. As the temperature 
reached 700° C., white vapors began to flow from the 
tube, and these, as the temperature rose, increased in 
quantity. The source of heat was so regulated that 
the temperature rose about 10° per minute, but almost 
immediately 800° C. was passed the galvanometer 
registered a sudden leap up in temperature to about 
1,000° C.. while finely divided carbon poured from the 
tube. This seemed to indicate that 800° was about the 
tewperature at which pure acetylene broke up into its 
constituents. 

An experiment was now made to see if this devel- 
oped incandeseence in the liberated carbon. A small 
lass combustion tube was well supported, and heated 
Ph the highest temperature attainable with one of 
aeaaber s big blowpipes, while pure acetylene was 
: y flowing through it, the heating not being com- 
nenced until the tube was filled with pure gas, all air 

ing thoroughly rinsed out. As the temperature 
ned the softening point of the glass, the acetylene 
apparently burst into a lurid flame at the point where 


entered the zone of heat, and clouds of carbon| 








sw forward through the tube; but,although the 
cal particles had to traverse an inch or more of 
tube more highly heated than the point of entering 
the hot zone, it was only at this latter point that the 
luminosity was developed, proving beyond doubt that 
it was the heat evolved vy the decomposition, and not 
the external heating, which caused the carbun par- 
ticles to emit light. 
(To be continued.) 








ACETYLENE. 


A PAPER on this new illuwinating agent was re: 
cently read, in Berlin, by Herr M. Hempel, of that 
city. It is printed in extenso in the Journal fur Gas- 
beleuchtung, whence the following summary of its 
contents is made by the Journal of Gas Lighting. 

The constituents of coal gas are thn mow into three 
groups, according to their value as illuminants or dilu- 
ents, or their{presence in the gas as undesirable inn 
purities. Acetylene exists in coal gas, though scarcely 
to the extent of 0°1 per’cent., and it ranks high in the 
class of illuminants. It hasa specific gravity of 0°91, 
and burns with a very bright but smoky flame. 

Only since the discovery by Willson of a method of 
producing it in a state of purity, on a large scale, has 
it advanced to the position of a practical illuminating 
agent. Calcium carbide is a compound of carbon and 
ealcium which may be made in various ways. For in- 
stance, it is formed by strongly heating an alloy of 
zine and calcium in contact with coal, or by the action 
of a powerful electric current on a mixture of lime or 
chalk and coal. It has a speeific gravity of 2262; is 
bluish or golden-brown in color, and of metallic luster; 
and, in odor, it resembles garlic. Acetylene is evolved 
when calcium carbide is brought into contact with 
water. There is nv known solvent of calcium carbide ; 
it is unacted on by hydrogen and nitrogen at all tem- 
peratures ; at 245° C., chlorine forms with it calcium 
chloride and carbon ; at 500° ©., sulphur vapor acts on 
it to form calcium sulphide and carbon disulphide ; 
arsenic and antimony are the only metals that attack 
it; and, in a stream of oxygen, it glows faintly, and 
calcium carbonate is formed. Steam is far less active 
than water toward it. ° 

Practically, calcium carbide is now formed in the 
electric furnace from tolerably pure lime and coal. 
Acetylene is formed by merely allowing water to rise | 
gradually in a vessel in which the carbide is exposed 
on grids. The gas needs no purification, and it is at 
once conveyed to the holder. Any sulphur in the coal 
used for the manufacture of the carbide is retained in 
the form of calcium sulphide with the residual lime. 
It is evident that the apparatus needed for the pro- 
duction of acetylene is very limited and simple. Ow- 
ing to its high density, acetylene must be supplied to 
the burner at about double the pressure at which coal 
gas is ordinarily burnt. 

Acetylene is liquid under considerable pressure. At 
0° C., the liquid has a Me ay tension of 21°5 atmo- 
spheres, and at 31° C. (88° Fah.), 108 atmospheres. It 
is poisonous, but the smallest quantities are easily de- 
tected in air on account of its penetrating odor. 

The following are some of the results of comparative 
tests of illuminating power and a of coal 
gas and acetylene in various burners. (The values are 
xiven in the original terms—i. e., of the German can- 
dlie—and should be multiplied by 105 to give approxi- 
mately the values in English standard candies.) 


CONSUMPTION AND ILLUMINATING POWER WITH 
VARIOUS BURNERS. 

















Consumption | Illuminating | Candles per 
Gas Used. Burner. per Hour. Power. Cubic Foot. 
Cubic Feet, Candles. 

Coal gas |Hollow top 53 13 2°45 
- |Argand (ordinary) 56S 16 2°83 
|Stemens No. 4 706 33 4°68 
| * Bae 212 130 613 
“3 | - No. 00 84°75 650 767 
- |New Welsbach 4m 45 10°61 
Acetylene Batewing No. 1 1°25 5 36°44 
sis = No. 3 2°37 97 40°93 
No. 5 3°25 148 44°00 





Like other heavy hydrocarbons and oil gas, acety- 
lene needs a very powerful air supply in order to burn 
with a clear white flame. An external air supply is 
insufficient for its proper combustion in plain batswing 
burners ; and, for the above trials, air was mixed with 
it in regulated proportion in the holder. The best re- 
sults were obtained with two volumes of air to three 


Acetylene consumes a less quantity of air than coal 
gas in the production of a given amountof light. The 
coal gas needed for 100 candle hours in the Welsbach 
burner requires about 56°5 cubic feet of air for its com- 
bustion ; whereas the volume of acetylene that yields 
the same light requires only 26°5 cubic feet of air. 

e acetviene flame emits pure white ht, and 
therefore shows objects in their natural colors; and 
it is also valuable to photographers. The maximum 
explosive force is obtained from acetylene when it is 
mixed with twelve times its volume of air. Coal gas 
requires only six times and water gas only once its 
volume of air for explosion. 

Acetylene should provide a very practicable means 
of enriching coal gas. The following figures for its en- 
|Yiching power are taken from a diagram issued with 


the paper. 


MIXTURE OF ACETYLENE AND COAL GAS. 
‘ntage of Iluminating Power 
Acetylene in in 
xture. Candies. 
Uh dans 0nd hn gs ve eeadenenyeer aoa about 10 
BES doc n6éenwnskssdeecndondesenen take ” 12 
DU dkscs ccecenvers.> © ed pstvacernenet ‘6 28 
Be rcthbkbecsts os batettnesseneqneees * 58 
Dl cncwep ins +ccedeph apaeawe ote ues ¥) 101 
Tk bn h teceg ren epnbensiohens ceteeeee a 126 
Tle! Aveskds buh Abgesee, + lectin. si 171 
Benn stestbeecteiotb soteetesstcnecs wee = 240 


The high density of acetyleve would lead to stratifi- 
cation were it introduced into coai gas in the holder. 
It is therefore proposed to affix an apparatus for the 
production of acetylene to the outlet of each consum- 
er’s meter, and to supply a poor gas, which can be en- 
riched by acetylene when it is needed for lighting pur- 
»08ses, A cheap gas would by this means be available 
for heating and driving engines. On the other hand, 
portable lamps containing sufficient carbide to produce 
acetylene for several hours’ consumption can readily 
be constructed. 





ON THE PROPERTIES OF AMORPHOUS 
SILICON. 


By M. Vigouroux. 


Ln a former paper we have indicated that it is possi- 
ble, under certain conditions, to reduce silicon by mag- 
nesium, and to obtain an amorphous silicon quite free 
from foreign bodies. The properties of this substance 
are as follows: i 


PHYSICAL PROPERTIES, 


It is a fine powder of a maroon color, and adheres to 
any moist or rough sarface. It readily absorbs gases 
and watery vapor. and requires for their expulsion to 
be heated to near redness ; its mean specifie gravity 
at 15 degrees is 235. It may be melted and easily 
volatilized in the electric furnace. It is soluble in a 
great number of metals ina state of fusion. 


CHEMICAL PROPERTIES. 


It does not seem to be affeeted by heat. It has been 
practicable to raise it for a long time to high tempera- 
tures without any alteration in its properties, which 
depends on the strong heat liberated at the moment 
of its preparation. Hydrogen hasnoaction. Fluorine 
attacks it at common temperatures. 

In chlorine silicon ignites at 450 degrees, and in bro- 
mine about 500 degrees ; in iodine there is neither in- 
eandescence nor apparent reaction. 

In the oxygen of the air there is superficial oxida- 
tion without ineandescence. In pure oxygen there is 
brisk combustion about 400 degrees, and the heat is 
such that the silicon formed is melted. 

In sulpbur, incandescence occurs about 600 degrees. 
In nitrogen it does not react below 1,000 degrees; at a 
higher temperature it attacks. In silicon it forms an 
amorphous nitride. Phosphorus, arsenic and anti- 
mony, if heated with it, distill without reactions, Car- 
bon and boron act only in the electrical furnace. The 
metals seem not to combine with silicon at tempera- 
tures generally available in Jaboratories. Magnesium 
alone yields a silicide with lively incandescence. 

Dry gaseous hydracids attack it slowly about dull 
redness. Hydrogen sulphide, if gradually heated up 
to its dissociation point, does not act upon the silicon. 
Ammonia is decomposed at cherry redness; hydrogen 
is liberated and the nitrogen combines with the sili- 
con, forming a nitride. 

Watery vapor is decomposed at the same tempera- 
ture, forming silica and hydrogen, which escape. The 
decomposition is continuous, but slow. Sibaberoms 





volumes of acetylene. In special burners, however, 
acetylene may be burnt without previous admixture | 
with air. Thus in an English rat tail burner, it gave} 
an illuminating power of 38 candles for an hourly con- | 
sumption of 0°7 cubic foot. A consumption of 5 cubic | 
feet an hour in a German-made Argand gave a value 
of 240 candles, or a duty of 48 candles per cubie foot of 
acetylene. The lighting value of acetylene is in this 
ease nearly twenty times that of coal gas in a hollow 
top burner, or 45 times that of the same gas in the 
Welsbach burner. 

Notwithstanding its greater brilliancy, the acetvlene 
flame is far cooler than that of coal gasin a similar 
burner—partly on account of the lower proportion of 
hydrogen in acetyleneand partly on account of the lower 
rate of consumption. From calorimetric experiments by 
Dr. Bueb, of Dessau, acetylene appears to have a heating 
value of 407 calories per cubie foot; but the author, on 
theoretical grounds, reckons it should be about 
seven-eighths of this value. Light for light, the poe 
ducts of combustion are very inuch less from acetylene 
than from coal gas. 

From Dr. Poleck’s analyses of Breslau -coal gas, it 
would appear that it produces on combustion 1°8 times 
its volume of aqueous vapor and 0°6 time its volume 
of carbonic acid. The corresponding figures for acety- 
lene are one volume of aqueous vapor and two vol- 
umes of carbonic acid. For the production of 190 can- 
dles per hour in the Welsbach burner, 9°4 cubic Teet of 
coal gas are required, furnishing on combustion 12°2 
eubie feet of aqueous vapor and 5°64 cubic feet of car- 
bonic acid. The same lighting value is obtained from, 
on an average, 2°119 cubic feet of acetylene, producing 
its owr volume of aqueous vapor and 4°238 cubic feet 
of carbonic acid on combustion, 








anhydride, if passed over silicon at about 1,000 de- 
grees, is not reduced. Nitrous and nitric acid act 
slowly toward 800 degrees, with fixation of nitrogen 
and oxygen. If the reaction is lively, there is incan- 
descence. Phosphoric anhydride 1s reduced with in- 
eandescence before a red heat. It is the same with 
the oxygen compounds of arsenic and antimony. Be- 
tween degrees and 1,000 degrees carbonic anhy- 
dride is reduced to the state of carbon monoxide. The 
latter is not attacked even at 1,200 degrees. Silicon is 
not attacked by any acid dissolved, or liquid, if acting 
alone, nor by fuming nitric acid heated to ebullition. nor 
by sulphuric acid concentrated and boiling, nor by con- 
centrated hydrofluoric acid if heated with it to 100 de- 
grees. The combined action of two acids, or of an 
acid and another body, is often effective. Thus 
aqua regia at 100 degrees actsin course of time, and 
ultimately transforms it into-anhydrous silica. A mix- 
ture of nitric acid and hydrofluoric acid attacks it at 
the common temperature, with an escape of mudd 
fumes and of silicon fluoride. Hydrofluorie acid, 
mixed with potassium nitrate or chlorate, acts with 
violence ; it is the same with ordinary nitric acid if 
mixed with potassium fluoride. 

Silver fluoride is decomposed with incandescence be- 
fore a red heat ; there are formed silicon fluoride and 
silver, which is set at liberty, and is found in small 
melted grains. It is the same with zinc and lead flu- 
orides, ete. 

Most oxides are reduced in glass tubes heated with a 
Bunsen burner, in many cases with incandescence ; 
such are mercury, copper, lead, bismuth, tin, iron, 
manganese oxides, ete. The alkaline and alkaline 
earthy oxides are attacked energetically. 

Hydroftiuoride of potassium fluoride seizes the silicon 
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and liberates hydrogen. Lead sulphate and calcium 
phosphate are reduced. The silicon may be thrown 
upon potassium chlorate in decomposition without in- 
candescence, but this phenomenon occurs if the two 
substances are intimately mixed and then heated. 
Potassium nitrate reacts only at its decomposition tem- 
perature, The alkaline carbonates, whether in sola- 
tion or fusion, convert it into silica. 


mate, are decomposed with incandescence and explo 
sion below a red heat, The mixture of fuming nitric 
acid and potassium chlorate has no appreciable action. 
The amorphous silicon obtained by reducing silica 
with magnesium corresponds neither to the am phor- 
phous varieties aor 4 of Berzelius. It approximates 
rather to crystalline silicon. Nevertheless, the latter 
has hitherto been regarded as incombustible in oxy- 
gwen. 
This indifference is only apparent. If we raise the 
temperature abruptly the crystalline silicon ignites at 
400 aneeee in oxygen, and burns with a dazzling lus- 
ter. If it is finely powdered, the combustion may be 
complete.—Comptes Rendus, cxx., p. 367. 


THE SAN JOSE SCALE.* 
(Aspidiotus perniciosus Comstock.) 
By Prof. C. V. RILey. 


No insect is just now of more importance to the fruit 
growers of Maryland than that which has been desig- 
nated by the above popular name, given to it be- 
cause it first became known or was first particu- 
larly noticed around San Jose, California. It is excep- 
tionally injurious, usually causing the death of the 
affected trees; occurs on a great variety of deciduous 
trees, and has great power of multiplication. It was 
only in the autumn of 18983 that the presence of this in- 
sect, which is one of the worst with which California 
fruit growers have had to deal, was suspected on the 
Atlantic coast. It was then thought to be restricted | 
in its range, and I had hopes that it might be effectu- | 
ally stamped out. But during the past year it has| 
been found at or reported from so many new locali- 
ties in the East, all the way from Florida to New Jer- 
sey, including the States of Maryland and Virginia, 
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San Jose Seale 
b, female seale, enlarged. 


Fra. 1. 
natural size ; 
Insect Life.) 


a, pear, moderately infested, 
(From 


that there is no hope of being able to exterminate it. 
It has come to stay; but, as it is possible to very ma-| 
terially limit its injury and spread, and by proper pre-| 
eautions to prevent its introduction into districts in 
which it does not yet oecur, I feel warranted in giving 
a pretty full account of the species in the present bul- 
letin. 
ITS HISTORY IN THE ATUANTIC STATES. 

Early in August, 1893, specimens of this species were 
first brought to my attention, while yet government 
entomologist, by Prof. B. T. Galloway, Chief ofthe Di- 
vision of Vegetable Pathology, United States Depart- 
ment of Agriculture, who received it on a pear sent by 
Dr. C. H. Hedges, of Charlottesville, Va., who had mis- 
taken it for a fungus disease. On the supposition that 
it might be restricted to Dr. Hedges’ trees, I took act- 
ive steps to furnish all possible information about 
the subject, and endeavored to interest the State Board 
of Agriculture of Virginia. I had the infested region 
at Charlottesville carefully investigated by Mr. E. A, 
Schwarz and Mr. D. W. Coquiliett, whose reports were 
published in “Insect Life,” vol. 6, pp. 247 and 253 
The insect was found upon pear, peach, plum, apple, 
quince, rose, currant, gooseberry, and raspberry, The 
careful survey of the field thus made seemed to justify 
the belief that this was a local and restricted outbreak. 
I called attention to this outbreak at the Madison 
(Wis.) meeting of the A. A. A. 8. in August, 1893, and 
later at a meeting of the State Board of Agricalture 
at Newport, Va., read a paper upon the subject, urg- 
ing active measures for the insect’s extermination, and 
pledging, on Secretary Morton’s account, the active 
co-operation of the national department in such 
measures, 

Believing that the most effective way to exterminate 
was by the use of what is known as the gas treatment, 
i. e., the fumigation of the trees under a tent by means 
of hydrocyanic acid gas, this being known as the most 
effective insecticide and most likely to reach and kill 
all the insects, my first efforts were in this direction, 
It was the first time that efforts had been made to em- 


*Abatracted from advance copy of Bulletin No. 3, Maryland Agricultural 





Experiment Station, 


ploy the gas treatment in the Eastern States on decida- 
ous trees, though it has been used for many years and 
is very popular in the orange groves of California. Mr. 
Coquillett, who had acted for many years as agent at 
Los Angeles under wy direction and who had discov- 
ered and develo this gas treatment, was fortunately 
with me in Washington at the time, so that the treat- 
ment was intrusted tohim. We had some difficulty, 
in the first pa. in getting the tents manufactu 

ver difficulty in putting them in operation, 
There are various contrivances in California used for 
the operation of these tents, the simplest uf which, 





Fig. 2.—San Jose Seale—Apple branch, with scales in 
situ ; natural size. (From Insect Life.) 


perhaps, for average sized or small trees, are poles with 
which the two ends of a quadrangular tent are thrown 
over the tree, the tree itself supporting the sheet. In 
the Charlottesville case the tents were constructed of 8 
oz. duck and made in the form of an octagonal sheet, 
and were oiled with boiled linseed oil, two of them 
measuring 28 and the other two 44 feet in diameter. 
The fumigation was subsequently reported to have 
been successful in destroying the insect without injur- 
ing the trees, though some of these had already begun 
to leaf out or were in blossom. Later examinations, 
however, showed that a few of the insects had escaped 
death, and this was in keeping with experience subse- 
quently had with the yas treatment in Montserrat, and 
which showed that, where the scales are thick, some of 
the eggs survive a single fumigation. 

During the period when the experiments were being 
made, or during March and April, 1894, fate had de- 
creed that I should be absent in the West Indies. 
After making all due arrangements to have the work 
of extermination thoroughly prosecuted, and after 
having finished my annual report, which included an 
illustrated article upon this San Jose scale, I suddenly 
decided to make a trip to the West Indies, more par- 


| ticularly to study twoseale insects, viz., the purple 


scale (Mytilaspis citricola) and the orange seale (Chion- 
aspis citri) which, under the denomination of “ blights,” 
had been for some years killing out, not only acres but 
square miles of limes on theisland of Montserrat. This 
trip was taken at the earnest solicitation of the 
Montserrat Company, of Birmingham, England, with- 
out any cost to the Department of Agriculture and'with- 
out any remuneration to myself. The importance of 
the matter and the indirect bearing of the results on 
the management of these two scales, which also affect 


| citrus trees in Florida, justified wy request for leave of 
| absence for this purpose. 
| was being carried on there by an expert, Mr. R. T. 


Very thorough fumigation 


Mullard, from Los Angeles,as the washes usually effect- 
ive with us, seemed less so there. The condition of 
things was most interesting and exceptional, and I felt 
that a study of it might prove valuable, not alone to 
the Montserrat people but to our own. 

It was during this absence from the department that 


| specimens of the San Jose seale were brought to Mr. 


L. O. Howard, my assistant in charge, from Riverside, 
Charles County, Maryland. He at once had the mat- 
ter investigated. Some 20 acres are planted to an or- 
chard which contains some 2,000 peach trees, having 
some 250 apple trees mixed with them. The introduc- 
tion could be traced to the planting in the spring of 
1888 from stock obtained from the old established and 
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Fie. 3.—San Jose Scale—a, young larva, greatly en- 
larged ; b, antenna of same, still more enlarged. 
(From Insect Life.) 


well known purseries of Wm. Parry, at Parryville, 
N. J. Many of the older trees were found to be dead, 
and most of the others badly affected. Adjacent or- 
chards within a radius of two miles, the stock of which 
had been obtained from other nurseries, were found to 
be quite free from the scale, 


—— 
Later in March further specimens were resale 
the department from De Funiak Springs. Pa ge 
the insect, as subsequent evidence showe:|, wag found 
not only upon peach and pear, but also upon 

and persimmon. Mr. Howard, as acting « tomologie 
now deemed the matter of sufficient impo:'anee t is 
sue a circular of warning. This gave a immary 
the information at hand with certain fiy ures that { 


had ordered prepared for an intended art) \e j 
Life. The circular was widely distribu d bem 
rectly to Eastern fruit growers and throuy) the news. 





Fia. 4.--San Jose Scale— Male adult, greatly enlarged, 
(From Insect Life.) 


pers, and, as a result, a number of new localities of 
nfection were discovered, and among them Neavitt, 
Talbot County, Md. The infested orchard is located 
on one of the inletsof the Chesapeake Bay and con- 
tains about fourteen acres of peach trees, and all of 
the trees were found to be badly affected. So far as 
investigation could determine, both by Mr. Coquillett 
and Mr. Howard, the first trees planted in this orchard 
were received from Stark Brothers, of Louisiana, Mo, 

Later, Mr. Marlatt discovered another infested local- 
ity in Maryland, on the place of Capt. R. 8. Emory, at 
Chestertown, in Kent County, and the original trees 
were here also traced to the New Jersey nursery afore 
mentioned. 

The insect formed the subject of two important pa- 

rs at the sixth annual meeting of the Association of 

wonomic Entomologists in Brooklyn the following 
August. One of these was by Mr. Howard, giving a 
full account of the work done by the Department of 
Agriculture and its results, and the other by Prof. J. 
B. Smith, of the agricultural experiment station of 
New Jersey. As a result of the discussion at that 
meeting the occurrence of the insect was subsequently 
established in parts of Columbia County, N. Y., lying 
on the east bank of the Hudson River, below Albaay, 
and in several localities on Long Island. 

Still later in the season, as shown by some further 
notes of thesubject, by Mr. Howard, still further loeal- 
ities for the immsect were discovered, viz.: Southern 
part of Georgia, Clearmont County, Ohio, Neweastle 
County, Delaware, City Point, Prince George’s Coun- 
ty, Virginia, and at Bristol, Pennsylvania, while three 
other localities were added to Maryland ; one in Prince 
George’s County, one in Anne Arundel County and one 
in Washington County. 

There can be no question but that future investiga 
tion will show that the insect is quite widely dissemi- 
nated in inany other localities not vet discovered, not 
only in orchards and nurseries, but also in isolated 
ocnes, and that this general statement will apply to 

aryland as well as to the other States in which it bas 
obtained a foothold, and, while the energetic efforts 
that have already been made to stamp it out will go 
far toward doing so, we must accept the situation and 
acknowledge that the species has come tostay. While, 
therefore, I consider that its entire extermination from 
so many points of infection over so large an area is iw- 
practicable and not to be hoped for, yet there is 20 
reason why its spread to other localities may not be 
very materially if not entirely checked. This, how 
ever, can only be done by intelligent action, not only 





Fig. 5.—San Jose Scale—e, adult female containité 
young, greatly enlarged ; d, anal fringe of sams 
stil! more enlarged. (From Insect Life.) 
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on the part of individuals, but by systematic a pe 


certed action of communities made obligatory, i 
be, by proper legislation. 


LIFE HISTORY OF THE SPECIES. 
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of development common to this and others ies of 
insects which belong to the same sub-family, viz., 

the Dias; nae, or armored scales, it may be well, in this 
tion, to state a few characteristics which belong 

to almost vllof them, This sub-family includes many 
of our worst seale insects, like the red scale of the 
orange in California (Aspidiotas aurantii), the pet | 
of the apple (Chionaspis farfuarus), the oyster shell 

park louse of the apple (Mytilaspis pomorum) and 
many others. The young or newly hatched individu- 
alsare aliost microscopie creatures of white or pale 
yellow color, with body of ovoid form, flattened, with 
six legs, two short feelers having a varying number of 
ints, but rarely more than eight, and with two filamen- 
tous hairs at the end of the body. They are active but 
a brief period, sometimes but a few hours or even min- 
utes, rarely more than a day or two, and settle upon 
the bark near where they are born if there is a chance 
and it is not already too thickly covered with the 
mt scales. A long thread-like proboscis is gradu- 
ally thrust under the epidermis and the insect becomes 
fixed an’ a flocculent waxy secretion begins to cover 
it. This increases until the larva underneath molts. 
The first larval skin becomes part of the secretion or 
shield, and is known as the larval scale, and the insect 
ander it after this first molt loses its legs and feelers, 
The covering still farther increases, and a second molt 
takes place, and we have a scale which is known as 
the medial scale, and which surrounds or extends from 
one end of the larval seale, according to the species. 
In the male the form of this scale is usually very much 
narrower than in the female, and often rib ; it is, 
also, often markedly of a different color, or pure white, 
while the female seale is usually darker, or imitates 
the color of the bark. Thus the sexes are now dis- 
tinguishable by their scales or shields, while the in- 
sects themselves are also readily distinguished at this 
stage, the male having transformed to a pupa, with 
the limbs, feelers and wings foreshadowed, and the fe- 
male remaining a mere yellow mass without such 


ns. 
the male a third molt takes place under this 
medial scale, and a delicate two-winged fly with long 
feelers and a single anal style backs out from the rear 
end. His color is usually pale, with a reddish or dusky 
band across the middle of the thorax, and the wings 
have but two delicate veins. The antennae are variously 

inted, the more common number of joints being eight. 

n the female scale, on the contrary, there is no par- 
ticular difference of form after the second molt. She 
still grows and is destined to remain underneath her 
seale, which becomes much larger and forms what is 
known as the anal sack. Here, after a third molt, 
she becomes fertile and either produces her young 
alive or lays her eggs. In either case the young in due 
time issue from the scale and begin in the cycle of 
life, as already related. In those s lee in which the 
seale is more or less circular, like the one we are con- 
sidering, the stages of the seale growth are not so 
readily separated as in the elongate species which 
resemble an oyster shell or a mussel shell. The larval 
seale is, however, usually conspicuous, as a central 
raised point. The different species of the sub-family 
are distinguished from each other not only by the 
peculiarities of their scales, which do not always offer 
trustworthy separating characters, but by the peculiar 
arrangement of the secretory pores on a darker and 
more chitinized anal plate, and by the peculiarities of 
the margin of this plate, especially in the female. 

Our particular San Jose scale is quite circular in 
form, very flat and pressed close to the bark, It grows 
from ,'; to 14g of an inchin diameter in the female and 
about half this size in the male. It has the general 
color of the bark and the larval scale in the center is a 
slightly raised point varying from yellowish to nearly 
black in color. It is one of our smallest scales and is 
further characterized and distinguished from all others 
which the fruit grower has to deal with by producing 
around the edge a peculiar red or purplish stain which 
penetrates for some depth in the formative tissues of 
the bark, and is particularly noticeable when the scales 
are sparse and not too crowded, or when upon fruit of 
an ordinary pale color. Another peculiarity is the 
relatively large size and bright yellow color of the newly 
hatehed young. Ata short distance, when a branch 
ora tree is badly affected and the scales overlap each 
other, the tree looks as though it had been covered 
with lime or ashes, and when crushed or pressed or 
scraped the mature insects beneath the scales, if alive 
or fresh, produce a yellowish and rather greasy liquid. 

The accompanying figures, with the explapvations un- 
derneath, show very well the appearance of the scales 
upon a pear (Fig. 1); their general appearance on an 
apple branch (Fig. 2); a ventral view of the young 
scale, with a larger view of one of its antennae (Fig. 3); 
adorsal view of the male (Fig. 4); and a ventral view 
of the female (Fig. 5), with her ova developing, and 
with a large outline of a portion of the anal plate—the 
last three figures being very highly magnified and the 
natural size approximately indicated within an accowm- 
penving circle. The ordinary fruit grower would hardly | 

able to separate it from several other common insects 
which have existed in the Eastern States from time im- 
Memorial, were it not for the smaller size and the red- 
dening effect which it produces upon the bark. 

The observations made at the Department of Agri- 
culture would indicate that there are no very exact 
limitations between the various generations or broods 
of this insect, and that there may be some five annual 
generations in the latitude of Washington, each gene- 
ration occupying on the ave some 40 days. The 

emales hibernate in various stages of development, 

ut mostly as mature and impregnated individuals, 
Since the male does not hibernate. The species is vi- 
Viparous, i, e., the youngare born alive. This has been 
wade quite clear by the observations in the East and 
*specially at Washington, though some writers have 
stated that eggs are produced. It is quite probable 
that both statements may be based on facts, and 
that there may be variation in this respect according 
to season, locality or conditions. One thing however 
is clearly determined, viz., that the species may be vivi- 
parous throughout the year. 

he large number of generations is exceptional, 
though there is some compensation in that the indi- 
Vidual is less prolific than in those species which pro- 
duce fewer or but one annual generation. The indi- 
Viduals which have hibernated acquire full develop- 


or the first of June, and from this time on there is a 
succession of generations. As in almost all other spe- 
cies of scale insects, the male scales, produced most in 
summer, are, for the most part, formed on the leaves 
and show a tendency to gather along the midrib on 
the upper side. 

The matter of most practical importance in the life 
history of the species is that it continues multiplica- 
tion from the beginning of Jane until late in the 
autumn, or until winter weather has fairly set in, and 
that during this time there is practically no period 
— the insect will not occur in almost every condi® 

on. 

(To be continued.) 


THE GREAT AUK. 


At the auction rooms of Messrs. Stevens, in King 
Street, Covent Garden, recently, a number of s 
tors surveyed. a bird sitting or standing there with 
smo adwiration and respect. He was a big bird, per- 

aps of the size of a Michaelmas goose, and he had an 
expanse of white bosom of a spotlessness which would 
excite the envy of a German waiter. He had a white 
splash over each eye, but his head, his webbed feet, 
and his elegantly sha back were black asink. His 
eye was glassy, and he stood the fire of remarks and 
comments upon his appearance with an immovable 
composure, for he was stuffed. He wasa great auk, and 
he was extinct; but neither of these facts affected 
his bearing, although both affected his price. When 
he was put up for auction, Mr. Stevens made a little 
sage about him which was so complimentary that 
the casual auditor could not restrain the conviction 
that it was just as well that the bird was too extinct 
to hear him, for otherwise its head might have been 
turned. 

What was the number of great auks when all the 
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This noble bird 300 guineas—310— 320—330, Isn't it 
a wretched price, gentlemen ?” The audience sighed 
reneseny. but 330 guineas is alot of money for 
a bird, and another sigh—this time of relief—went 
up when another bidder said 340. This bid was fol- 
lowed by 350, and here the bidding stuck. In vain 
the auctioneer reasoned, pleaded, protested. Nobody 
would go a shilling better, and so Mr. Stevens had re- 
luctantly to announce that the reserve price had not 
been reached, and the great auk would be withdrawn. 
It was a humiliating moment for everybody, but the 
bird came out of it unruffled. It is believed that he will 
be disposed of privately. 

After this an egg of the great auk, not of this 
noble bird, but of some two thousand years distant 
relative, was put up for sale. Mr. Stevens had 
exhausted much of his powers of eulogy on the bird, 
but he nad sufficient left to declare this to be one of 
the finest eggs he had ever seen, and greatly superior 
to the phenomenon which fetched 300 guineas at these 
auction rooms last year. Those who were present on 
that celebrated occasion, perhaps, would be unable to 
recall anything in the auctioneer’s speech which would 
have seemed to indicate that there was any other 
auk’s egg superior to the one he was then putting up 
in general desirability, and bidders took the same 
view, for the highest bid that could be obtained 
was only 180 guineas. At this price it was sold to 
the proprietor of a public house who keeps a small 
private museum for the entertainment and instruc- 
tion of his patrons. After this no one was _ sur- 
prised to find that an egg of the Apyornis maximus 
—in size, shape and color very much like a new Rug- 
by football —was sold for thirty-six guineas.— Daily 
Graphic, London. 








THE SPECTROSCOPE IN ASTRONOMY.* 
By TAYLOR REED. 


OF star spectra there are three main classes: First, 
spectra with few lines, but some extremely wide lines ; 
second, spectra like that of our own sun; and third, 
spectra containing bands. The white or bluish-white 
stars as a rule give spectra of the first class; and as 
Sirius has a spectrum of this nature, this class of speetra 
is often called the Sirian type. Yellow stars show spec- 
tra of the second class (our sun is probably yellowish). 
Some few red stars give spectra of the third or banded 
type. Stars are therefore classified from their spectra 
as white stars, yellow stars and red stars; or often 
their spectra are said to be of the Sirian type, of the 
solar type or banded. The Sirian type includes a lit- 
tle more than half of all the stars; conspicuous are 
Sirius, Vega, Altair, Rigel, Castor, Spica, Regulus. 
Stars of the solar type are a little less numerous ; 
among them Capella, Arcturus, Pollux, Aldebaran. Of 
stars giving banded spectra there are but a few, and 
all are distinctly red ; the brightest are Betelgeuse and 
a Herculis. 

Avery few stars have peculiar spectra, which scarce- 
ly come under any of the main classes. 

In spectra of the Sirian type the metallic lines, of 
which there are so many in the sun’s spectrum, are 
ne faint or absent. And the hydrogen lines are 
usually enormously wide. The hydrogen lines vary 
both in width and in intensity. In some stars they 
are extremely wide: in others little wider than in stars 
of the solar type. In some stars the lines seem dense- 
ly black; in some noticeably not black; and in two 
stars, y Cassiopeia and (# Lyre, the hydrogen lines 
are positively bright. As for the other lines, in some 
stars scarcely any can be seen; and in some they are 
not radically less numerous and clear than in the solar 
type. 

Among stars of the solar type are some like Capella, 
whose spectra seem to be identical with the sun’s; 
others, like Arcturus, give spectra differing noticeably 
from the sun’s, though by the multitude and relative 
prominence of their lines still plainly of the solar type. 

Of spectra with dark bands there are two classes: 
In most the bands are sharp and dark at the side 
toward the violet and shade out toward the red; in a 
very few (all faint) the bands are sharp toward the 
red. In addition to the bands dark lines appear. The 














THE GREAT AUK AND EGG WHICH WERE) 

OFFERED FOR SALE BY AUCTION. | 
world was young and the plesiosaurus coqueted with | 
the mastodon, nobody can tell. But the number of | 
stuffed great auks now known to civilization, said the | 
auctioneer, war only eighty. This rarity was still | 
more real than apparent, for, of the whole number, | 
sixty were in museums, where they were likely to) 
stay. Indeed, only one great auk had been put up 
to auction in the last twenty-six years. Twenty-four 
of these noble birds, pursued Mr. Stevens, were in 
Great Britain, but of this number ten were in mu- 
seums, and the slenderness of the chance that any of 
them would come into the market would be quite 
obvious to any of his hearers. And what was the 
value? Well, the last great auk went at the ludicrous 
price of £90, but at the same sale an egg only fetched 
£60. Last yearan auk’s egg was sold in the Covent Gar- 
den auction room for 800 gs.; and, therefore, concluded 
Mr. Stevens, triumphantly, it would be obvious that | 
according to the rule of three the present value of a| 
great auk should be somewhere between £500 and 
£600, 


The audience smiled, and the auctioneer went on 
to declare his unhesitating belief that this was the 
tinest specimen of a great auk in existence; it was 
absolutely genuine; it was not made up at all, nor| 
had it a single false feather; and it was the property | 
of Sir Frederick Milner, Bart. The remaining part of 
the sale can be conveniently cast into the form of a 
paragraphic monologue on the part of the auctioneer, | 








“It is.” said Mr. Stevens, ‘‘a perfect bird, as fresh 
and as clean as on the day it was hatched. Who'll 
make a bid for it? I think Iam safe in putting it in 
. 100 guineas. 110. Thank you. 120—130—140— 
160. 

**160: don’t stop there, gentlemen: this is very 
slow. 180—200—220—230—250 — 269 guineas bid. It 
would be ridiculous if this bird fetched anything un- 
der 500 guineas.” 





ment, and begin to produce young by the end of May 


“260 guineas—270—280—300 guineas. Thank you. 


violet end of such spectra is always relatively faint. 

Half a hundred faint stars near the Milky Way give 
spectra containing bright lines or bands as well as 
dark lines. From the discoverers of the first examples 
they are usuallv called the Wolf-Rayet stars. 

ew stars or temporary stars (such as Nova Aurige) 
usually at their appearance give spectra with the usual 
number of dark lines, but the hydrogen, helium and a 
few other lines bright. Within a year or so, for no 
known reason, the spectrum haschanged utterly in cha- 
racter. so as to consist chiefly of one bright line in the 
green ; the new star has become a planetary nebula, 

Nebule give spectra of two classes. In one the 
spectrum is continuous, with no lines, bright or dark, 
In the other there is a very faint continuous spectrum 
and one very brilliant line in the green, together with 
a number of very faint bright lines, including lines of 
hydrogen ; these nebule are therefore masses of shin- 
ing gas under low pressure. Of the two great nebula, 
the nebula of Andromeda gives a continuous spec- 
trum, the nebula of Orion a bright line spectrum. The 
planetary nebule give bright line spectra, As to the 
nature of this principal nebular line there has been 
dispute ; the majority of best observers see it as a line 
definite and equally sharp at both edges, not the rem- 
nent of a fluting. This line is almost certainly due 
to no known terrestrial substance. 

The distribution of stars of different types in the 
sky is an important point in cosmogony. Stars of 
the solar type are distributed over the sky with sub- 
stantial evenness. Stars of the Sirian type are much 
more numerous in the Milky Way. Are we therefore 
among solar stars evenly distributed in space, and in 
the center of a ring or disk of Sirian stars? Further, 
many solar stars and few Sirian have appreciable 
proper motions; showing that probably the Sirian 
stars are farther from us than the solar of equal bright- 
ness. Are the Sirian stars then larger than the solar, 
or brighter ? 

To deduce the state of a star from its spectrum is 
probably to guess rather than to reason. But the 
general beliet is that a Sirian star is hotter than a solar 
and has a greater hydrogen envelope; that in all the 





* Continued from SUPPLEMENT 1008. 
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characteristics of a sun a Sirian star is yet more a sun 
than our sun. And most agree that the temperature 
of the red stars is not nearly so high. 

Much work has been given to determining the mo- 
tion of a star toward as or from us (that is, “in the 
line of sight ”) from 
spectrum toward the blue or toward the red, 
motion in a few stars may be known within a mile a 
second ; for quite a number of stars, it is probably 
known within five miles a second. It is found that 
the velocity of stars with reference to the solar system 
is not very different from the velocity already assumed 
for the sun in space. 

A fair average is probably 2 to 25 miles a second. 
Few have velocities over 60 miles a second. In par- 
ticular the motion of planetary nebule in the line of 
sight has been examined with the greatest spectroscopic 
power, and their velocities are comparable in amount 
with stellar velocities. But great as are these veloci- 
ties they have brought no star to us and carried none 
from us enough seriously to change its brightnesa, 
even since the earliest ages, as a little figuring will 
show, 

Let a star be a close binary, with equal components, 
so revolving that we are in or near the plane of its or- 
bit. When the line through the two components is 
direeted toward us, neither component is approach- 
ing us or receding from us, One-fourth of a revolu- 
tion later the line through the components is per- | 
pendicular to the line from us to the star ; one is then 
moving toward us in its orbital revolution, the other 
away fromus. At this time the lines in the spectrum 
due to one component are shifted toward the blue, 
those due to the other component toward the red, that 
is, if the orbital motion is great enough, the lines of 
the star’s spectrum are doubled. Now, this periodical 
doubling, indicating a “spectroseopie binary,” has 
been observed in Spica, 6 Aurigw, and Mizar (¢ Urse 
Majoris) The orbital period of such a binary is 
measured in days, and the two components must be 
so close that no telescope will ever separate therm. 

Let the variable star Algol have a smaller dark 
component which partially eclipses the bright. At 
eciipse neither is moving toward us nor from us. 

One fourth revolution after eclipse the dark body is 
moving from us, and Algol toward us. One-fourth 
revolution before eclipse the dark body should move 
toward us, Algol from as. This motion of Algol from 
us before eclipse and toward us after eclipse should 
be seen in the displacement of lines in the spectrum. 
And this displacement has been detected. The spec- 
troscope so seems to confirm the eclipse theory of stars 
of the Algol type. From this is derived our first 
serious estimate of the diameter of a fixed star. As- 
suming only that we are nearly in the plane of the 
orbit so that the eclipse is central, the measured velo- 
cities give : For the diameter of Algol proper, 1,000, - 
000 miles; for the diameter of the dark companion, 
800,000 miles ; for the distance between the centers of 
Algol and companion, 3,200,000; orbital velocity of 
Algol, 25 miles a second ; orbital velocity of compan- 
ion, 54 miles a second ; mass of Algol, four-ninths that 
of the sun; of the component, two-ninths that of the 
sun. This indicates that in magnitude Algol at least 
is of the same order as our sun; and Algol is a 
Sirian star. 





In these articles the attempt has been to state some 
of the results of spectroscopic work. Such outline 
must indicate the greatness of spectroscopic pheno- 
mena, but not their surpassing beauty. And many of 
the most beautiful are well within the ability, experi- 
mental and financial, of the amateur. 

In procuring a telescope, except where special work 
is selected for it, I think it sound judgment to sacri- 
fice a trifle in size (vot in perfection) of the telescope to 
procure spectroscopic accessories. Any equatorial tele- 
scope with clockwork can properly carry a solar spec- 
troscope, and any one who can manage and care for 
such a telescope is equal tothe manipulation of a solar 
spectroscope. The hardest part is the original adjust- 
ing, for which the beginner should insist on careful 
instructions from the maker. The cost will be about 
$200 or $250 for a small good one—avoid poor ones, 
The beautiful and varying solar prominences are better 
seen through such a spectroscope than through a very 
large one And even the solar spectrum considered 
alone is a thing of beauty. 

Any telescope, with clockwork or without, can have 
a small ocular star spectroscope sufficient to show the 
different types of stellar spectra magnificently. 

As an adjunct a pocket terrestrial spectroscope is a 
most useful and delightful instrument, as well as cheap 
and portable (size of a cigar). With it you may exam- 
ine anything in sight; lightning, aurora, flames from 
voleanoes, fireflies, the electric are light, electric 
sparks with any electrodes, flame of Bunsen burner 
and, with some special forms of instrument, meteors, 
if you are quick enough. Here some valuable work 
should be done by amateurs as well as anybody else, in 
the weteoric showers soon due.—Popular Astronomy. 


LATEST DISCOVERIES AT 
SILCHESTER. 


THE results of the fifth vear’s work of excavations 
on the site of the ancient Roman city of Silchester 
are now on view at the Society of Antiquaries’ rooms, 
As in former years, the society has thrown its rooms 
open to the public, and free entrance is accorded to all 
who may car’ % inspect the objects that have been 
discovered, | 

Silchester, as our readers know, is a large area of 
ground oow all but entirely used for agricultural pur- | 
poses, inclosed by the massive walls of Roman times, 
The old parish church and a farm house are the only 
buildings within the walls, and the traveler might 
very readily follow the public roadway across the area 
without being aware of the site ever baving been | 
once that of a densely populated and important city. | 
The course of the ancient streets has been known for 
many years, since at harvest time the corn showed a 
difference of color sufficiently defined to indicate their 
direction at right angles one to the other. 

The site of the Forum was excavated many years 
ago, and fragments of Corinthian capitals and of their 
bases of large size were discovered, together with 
In more recent 
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many other objects of unusual interest. 


the shifting of the lines in the| 
Such | 


| blocks are known as Nos. IX. X, XI, and XII. 


|each other, there are some variations 
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years the Society of yo ee has, with admirable 
publie spirit, devoted itself to a systematic exploration 
of the site, and year by ay a certain portion, bound- 
ed by the courses of the arcient streets, has been 
thoroughly dug over. These ingule have already 
yielded important results, for not only have the sites 
of two quadrangular temples been found close to the 
parish church, but a great number of private houses of 
varying capacity have been excavated, and their 
ground plans recovered. These show many interest- 
ing details of planning and construction, of special 
interest, since in no other site in England has investi- 
gation been made with any system on the site of acity. 
Roman villas in abundance have been investigated, 
but only here have town houses been laid open for 
observation. Year by year the results of the excava- 
tions have been recorded in these pages, and of special 
interest was the record of the discovery of what is be- 
lieved, with every probability, to be the site of a Roman 
Christian church. 

The past year’s work has consisted of the excavation 


of four blocks or insula, each bounded and defined, as | 


was the case of the blocks investigated in previous 
years, by the courses of the ancient streets. = 

ne 
whole are close to the city wall, which here forms a 
well defined angle to the course of the streets, the 
position being to the northwest of the Forum, the 
latter defining the center of the city 

Blocks X, XI, and XII form a triangle, having the 
base formed by the course of astreet going east and west, 
the second side being another street going north and 
south, while the inclined side is formed by the city 
wall. Block IX extends to the east of the triangle. 
The blocks, except XII, are crossed diagonally by the 
modern public road which goes through the city. 

No large or important building has been discovered, 
with the exception of the foundations of a good house, 
which has apparently had an open corridor on each 
side of the dwelling rooms; only another building, 
close to it, has been met with which may be considered 
to have been of domestic character. These two agree 
fairly well with the houses which have been opened 
out elsewhere during the excavations of the previous 
years. All the other buildings now found are of differ- 
ent character, and different also to anv that have been 
discovered in the other cities. They are evidently 
for manufacturing purposes. They have no good 
floors, and no signs of fresco painting have been found 
in any of them. But agood many curious furnaces 
have been met with of moderate size, built of rough 
material, and showing signs of continuous use. They 
are of two forms, circular and oblong, and they oecur 
in positions very different one from the other, some 
being found within buildings; many in the open air, 
clear of all walls. They vary considerably in size, and 
although none were found in previous years elsewhere, 
at least twelve have been laid open, and of hearths 
only, as many as twenty-one, of which twelve are of 
circular form. 

These furnaces, found as they are so close together, 
show that they were all devoted to the same purpose, 
and the supposition is supported in the room by the 
exhibition of a plan of one of the houses at Pompeii, 
where similar furnaces of later date than the house 
were found, and which were evidently used for dyeing 
purposes. 

That a dyeing industry was practiced at Silchester 
hardly admits of a doubt, for apart from the curious 
furnaces referred to, there have been found several 
wells, and, in addition, a goodly collection of querns, 
with which the madder roots for the dyes would have 
been ground. Elsewhere, notably in Block XII, rooms 
with underground flues, as if for drying purposes, after 
the process of dyeing, have been excavated. 

All the diseoveries that have been made have been 
laid down to seale on a large plan of the city, which is ex- 
hibited, and the results of the last year’s work may be 
briefly stated. 

In Bloek IX four various buildings have been found. 
They have opened at once from the main street, since 
their walls come up closely to its line. In like manner, 
the return streets bounding this block have the build- 
ings close up to them without any intervening fore- 
courts. In the rear, at some distance from the front 
road, are the two houses already referred to. 


Five buildings fill up the frontage of Block X, while | 


asixth is beyond them, the rest of the site having been 
vacant. 

Block, or “‘ Insula” X1, which comes close up to the 
city wall, has six buildings of the same character as 
the others. 

Block XII has two small quadrangular buildings, 
one of which has twodiagonal flues crossing each other 
from the angles, probably used for drying purposes. 

In addition to the furnaces and the wells, the area 
excavated was found to contain a large number of pits, 
probably old cesspools. These have also been met 
with pretty generally wherever the ground elsewhere 
was opened. Many articles of pottery, not, however, 
of the very best form or manufacture, were found in 
these, the principal of which are exhibited. 

While the buildings here, as well as elsewhere, are 
mostly set ont with careful regard to regularity, and 
with their lines all at right angles to the streets and to 
Thus in Biock 
LX one of the four buildings, although it comes quite 
up to, and its frontage is defined by, the line of the 
street, is not at right angles to it, which is the more 
noticeable since the buildings on each side of it are 


rectangular to the froatage. The dwelling houses in 
the rear are still more inclined, although at right 
j}angles to each other. While the great plan shows all 


in the city, so far, to be set out so regularly, it is curi- 
ous to see so complete achange of system in these 
groups of buildings. Possibly they may be of older 
date than the setting out of the streets, 

Very little of architectura) detail has been found ; 
the principal object is a well moulded capital, with a 
plain necking, which has been turned ina lathe. 


same or a similar colamn. It has two toruses very 
close to each other, and, like the capital, turned. The 
material is not unlike a coarse Bat 
oolite, from Gloucestershire. Both had been reused 
as old material. 


A fine slab of even tinted Purbeék marble was also number of repetitions is small. 


met with, although nothing was found to indicate 
what position it had oeeupied, 


There are clamp holes — 


- —= 
at its edges, and since it had been polished only on 
face, it would appear that it had been use:| as fae 
lining. But its great thickness almost {orbidg this 
supposition. It has been again polished, 1:11 the fine 
grain of the material is shown in conseque:« to 
advantage. The most curious object tha: has ees 
discovered is a cone of solid stone, about 2 ft. in he 
which has hada neatly-worked base, circular, ternin- 
ating ina ee The form appears Pha lic and it 
is rewarkable for baving an Ogam inseript iv... ; 
Various cases contain the principal sm.|| objects 
found. These consist of bronze personal 0} jects, and 
articles of toilet, one of which is inlaid \ ith silver 
here are also several bone pins, one of jet, a single 
pretty piece of bronze enameled in a Celtie-likc pattern, 
a few pieces of window giass, and of glass v. ssels, one 
of which has part of a pattern produced by rinding, 
an engraved gem, a gold ring of elaborate pattern, a 
bronze hinge pierced with an open work | attern'of 
| much beauty. Special interest attaches to « hoard of 
silver coins which were found in a black vase. Thege 
extend from Mark Antony to the Emperor Severus. 
They inelude a large number of the intervening 
emperors and empresses, and afford interesting eyj. 
dence of the length of time in which Roman coins 
were kept in circulation, for it isevident that the early 
| ones, as well as those of later date, were al! current 
| money at the time when they were hidden for security, 
| .A bronze purse, to be worn on the arm, unfortunately 
empty. is one of the most curious of the small articles, 
here are exhibited several pieces of colored walj 
plaster, decorated with patterns and various tints, 
put no exawples of figured tesselated pavements haye 
been found this year. Indeed, beyond one or twy 
|}rooms paved with ordinary red tessere, no floors ex. 
cept of very ordinary description, composed of frag. 
ments of brick worked up in cement, have been found, 
But that some pavements of rather better description 
did exist is shown by the presence of several octagonal 
paving tiles, exceedingly like those of modern make. 
But there are no specimens of the small square tiles 
| that were necessary to fill in the intersections. 
The large map isa very usefuland important feature 
ofthe exhibition, for it brings before the spectator 
| the general results of all the previous excavations, and 
| it indicates the lerge amount of area within the walls 
that has yet to be laid open. So far about forty only 
| of the 100 acres have been made to reveal the secrets 
of the long-buried past, and then filled in again for 
agricultural purposes. It is a matter for regret that 
funds had not been subscribed so promptly as the 
importance of the work appears to justify, and we are 
| sorry to see that a balance, although a small one, is 
| due to the treasurer. It is much to be hoped that a 
| work so important as this is may be carried on more 
'rapidly during future years, and that the whole area 
| may be investigated within a reasonable period of time. 
—The Builder, London. 








SEDIMENTARY MEASUREMENT OF 
CRETACEOUS TIME.* 

Ir is the purpose of this paper to describe certain 
| regular alternations of strata observed in Colorado, to 
| correlate these with an astronomic cycle jof known pe 
|riod, and to deduce from this correlation an estimate 
| in years of a portion of Cretaceous time. 
| Along the base of the Rocky Mountains, and east- 

ward for many miles, the basin of the Arkansas River 
is occupied by Cretaceous rocks. At bottom are the 
Dakota sandstones several hundred feet in thickness; 
and above these a great body of shales, constituting 
the Benton, Niobrara and Pierre groups, and having 
a total thickness of 3,900 feet. In the main these shales 
| are argillaceous ; but at a few horizons they are calea- 
reous, and at one level a sandstone appears, accompa- 
nied by afew feet of arenaceous shale. The sandy 
passage is best developed near the mountains, and dis- 
| appears altogether toward the east. The calcareous 
| passages are more persistent and have been recognized 
throughout the district. At least two of them occur 
many miles farther to the north. As the shales and 
the associated limestones approach the mountains they 
| do not assume the character of littoral deposits, bat re- 
main practically unchanged, and it is thence inferred 
| that the sea in which they were deposited extended to 
| a remote westera shore. 
The calcareous passages are four in number, and each 
exhibits a rhythm of sedimentation. The lowest occurs 
| 210 feet aboye the base of the Benton group, and exhi- 
| bits an alternation of thin imestone beds with some 
| what thicker beds of shale, the shale being more calea- 

reous than the general mass. Each limestone is a few 
_inchesin thickness, and the intervening shales are from 
| one to twoand one-half feet thick. The average thick- 
| ness of a pair of beds, including a limestone layer and 
|a shale layer, is eighteen inches, and the number of 
| such repetitions is about fifteen. 

Next above are 230 feet of shale, and upon these rest 
about fifty feet of limestone, constituting the 
member of the Niobrara group. These limestones al- 
ternate in an equally rezular manner with shales, the 

|layers of limestone being homogeneous and massive, 
|and varying in thickness from one foot to two feet, 
‘with three feet as a rare and local maximum. The 
| parting shales range from one to four inches in thick 
|mess and are sharply separated from the limestone. 
|The average thickness of the rhythmic couple lime 
| stone and shale is, as before, eighteen inches. 

The third caleareous series, also of Niobrara age, lie’ 
| ninety feet above the second, the interval being oce® 
| pied by shale. Through a thickness of thirty feet ca 

eareous shales alternate with those which are less 

careous, and the amount of calcareous matter increase* 
upward, culminating at the top of the series in twe 
| beds of chalky limestone. The average rhythmic 
| terval here is between twoand one-half and ihree feet, 
| and the differences in rock texture are of such charac 





t , } A | ter as to give a ribbed appearance to the series wher 
base was also met with, evidently belonging to the| ex 


on a cliff face. 
he fourth calcareous passage is at the top of the 
Niobrara group, and is separated from the third bY 


stone, provably | 475 feet of shale. It includes several caleareous laye™ 


‘of which one might be classed as an impure imestou® 
The rhythmic tendency is clearly manifested, but 


— 





* Read before the Geological Society of America, December 23, 1s. 
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OT rre shales, overlying these, have a thickness 
of about 2,300 feet. 
these data it appears that, in addition to a 
aud apparently irregular recurrence of physical 
tions leading to the disposition of calcareous mat- 
ter in this district, there was a relatively rapid and 
ally regular alternation of conditions determin- 
ing the deposition of alternately more and less calca- 
matter. The regularity of this minor alternation 
suggeste:| the possibility that its cause might be dis- 
eovered, [or of the various causes known or supposed 
to modify sedimentation, those which recur with uni- 
form rnythm are comparatively rare. So far as we 
have detinite evidence, the purely terrestrial causes, 
such, for example, as upheaval and subsidence, the 
shifting of waterways or divides, and the removal of 
oceanic barriers, are of irregular sequence ; but certain 
astronomic causes are comparatively regular. 

There ire many astronomic cycles, and their periods 
vary Wilely in extent, but there are only a few to 
which it is reasonable to appeal for explanation of a 
rhythm in sedimentation. There are, in fact, but 
three to which geologists have made such appeal, and 
my own inquiry has discovered no others. I refer to 
the period of the earth’s revolution about the sun, the 

ssional period, and the variation of the eccentri- 
city of the earth’s orbit. Each of these is known or 
sapposed to have an influence on climates, and the 
pature of sedimentation may in various ways be influ- 
enced by climate. 

The period of the earth’s revolution does not seem 
applicable to the sedimentary rhythm under conside- 
ration, because a vear is too short a time for the accu- 
mulation of the sediment. Doubtless eighteen inches 
of sediment are often added in a year to the sea bot- 
tom near the mouths of rivers; but when we consider 
that many centuries are required to degrade the land 
toan average depth of eighteen inches, that areas of 
marine sedimentation are in a broad way commensu- 
ratejwith those of terrestrial degradation, and that the 
Cretaceous sediments under consideration were accu- 
mulated scores and perhaps bundreds of miles from the 
land, we cannot for a moment imagine that they were 
deposited at so rapid a rate. 

he variation of the eecentricity of the earth’s orbit 
has a somewhat regular period of about 91,000 years, 
but the successive maxima are of so unequal values 
that they cannot well be correlated with the relatively 
uniform cycles of deposition. 

The precession of the equinoxes seems better quali- 
fied to explain the Colorado phenomena. As the 
earth’s axis slowly describes its circle on the celestial 
sphere the relation of the seasons to perihelion is 
steadily shifted, so that the winter of the northern 
hemisphere, for example, occurs during one epoch when 
the earth is nearest the sun and during another when 
it is farthest away. The terrestrial consequences of 
this cycle of change have been discussed by Adhemar, | 
Herschel, Croll, Murphy, Pilar Hill, McGee, Penck, 
Ramsay, Wallace, Woeikof, Biytt, Ball, Becker and 
others, and, though there is wide difference of opinion 
as to the character and amount of the climatic varia- 
tions which may thus be brought about, these writers 
are in substantial agreement that the distribution of 
climates may be materially affected. The precessional 

riod is about 26,000 years, but the position of perihe- 
ion also moves—for the most part in a direction oppo- 
site to that of the equinoxes—and the resultant of the 
two motions has an average period of about 21,000 years. 
It is not absolutely regular, but ranges ordinarily 
within 10 per cent. of its mean value, and exceptionally 
to 50 per cent. above and below. 

I shall make no attempt to determine what were the 
climatic oscillations affecting Cretaceous sedimenta- 
tion in Colorado nor how their influence was exerted. 
For the purposes of the present discussion it seems 
sufficient to point out that the local character of sedi- 
wentation might be influenced by changes in the local 
distribution of terrestrial climates : 

1. A periodic change in the circulation of the winds 
might modify the currents of the Cretaceous sea in 
such way as to bring to this district at one time argil- 
— material and at another time calcareous ma- 
terial. 

2 A general change of climate producing glaciation 
about the two poles in alternation, as inferred by Croll 
and others, might shift the center of gravity of the 
earth in such way as to make the sea alternately ad- 
vance against and recede from a coast. Even a small 
oscillation of this sort might render the principal load 
transported by streams from a coastal plain alternately 
chemical and fragmental; and a great oscillation, by 
causing the coast line to migrate, might periodically 
revolutionize the distribution of sediments in the sea. 

3. If the climate of a broad peneplain were by pre- 
cession made alternately moist and dry, then during 
moist epochs it would be densely clothed with vegeta- 
tion, subterranean waters would be highly charged 
with organic acids so as to dissolve much lime carbon- 
ate, and mechanical degradation would be impeded 
by the vegetal mat. During dry eporhs vegetation 
would be sparse, water would have little power of so- 
lation and relatively rapid mechanical degradation 
would cause the residual clays to be transported to the 
ocean. 

Adopting 21,000 vears as the time unit corresponding 
each sedimentary alternation in the caleiferous por. 
tions of the great shale bed, it remains to estimate the 
rate of deposition of the more argillaceous portions. 
As already stated, the sedimentary cycle repeats it- 
self every eighteen inches where the principal de- 
posit is limestone ; it also repeats itself every eighteen 
inches where the limestone makes but one-fourth of 
the total deposit ; and it repeats itself in about 2°7 feet 
where the caleareous material suffices only to modify 
an otherwise argillaceous shale. It would appear, then, 
that the shale was on the whole deposited more rapidly 


not clear whether we should ascribe a relatively rapid | be no method of even approximately calculating how 
ora relatively slow deposition to the dark shales, but | much greater the tidal influence was. While one 
the fact that the shale y is not entirely uniform in | great astronomical authority speaks of tides of 500 feet 
character tends to increase the probable error of an' deep in palwozoic times, Prof. Darwin himself thinks 
estimate of its rate of deposition. It appears to me that two or three times asgreat as at present may bean 
that an allowance of four feet of local imentation | excessive estimate. There is a good deal of geological 
fur each astronomic cycle should afford a somewhat | evidence for much smaller seas than at present, and 
conservative estimate for the corresponding portion of | even if tidal influence were greater, the actual tides 
geologic time. Upon this basis the 3,900 feet of sedi-|may have been much smaller than now. Of positive 
mentation required about ow million years, and / evidence in our favor, we have the fact that numerous 
this estimate covers the Benton, Niobrara and Pierre | examples exist of palewozoic rocks which are identical 
epochs. These epochs constitute a part of the Creta-| in almost every physical way with tertiary rocks, and 
ceous period, being preceded in the chronology of the | it is difficult to believe that they can have been depo- 
Great Plains province by the Dakota and Comanche | sited under very different conditions. Again, nearly 
epochs and followed by the Fox Hills and Laramie. | all the old sedimentry rocks were laid down near coasts 
As the sediments representing those epochs are of dif-| where tidal action would be most violent. Yet even 
ferent character from the shale to which computation low down in the Cambrian we find the remains of crea- 
is here applied, the estimate cannot be extended to/| tures which still have attached tothem delicate anten- 
cover the entire Cretaceous period without materially | nw. In sandstones we find most delicate ripple marks 
inereasing its probable error. | and the marks of raindrops. But over and above all 
The reasoning here employed is strictly pera and | this, denudation along coast lines can hardly be re- 
partly identical with that of Blytt in his discussion of | garded as of much importance compared with subae- 
“The Probable Cause of the Displacement of Beach | rial denudation (Sir A. Geikie, Trans. Geol. Soc. of 
Lines” (Christiania, 1889). It differs most conspicu- | Glasgow, 1868). Was there more rain ’ and did it fall 
ously in the interpretation of the influences of dry and | more suddenly ? Did the wind blow more strongly ? 
moist climates. e correlates fragmental sediments | Were atmospheric actions more vigorous in the past ? 
with warmth and moisture, and chemical with cool-| There is no great reason for believing that they were. 
ness and dryness. In discussing the Cenozoic sedi-| As Prof. G. Darwin observes, fossil trees do not seem 
mentation of various European countries he finds the | to have been built more strongly than modern trees, 
alternation of clay and lime carbonate to have an ave-| and this gives some evidence as to the relative violence 
rage thickness of 51 inches, nearly three times that ob- | of aerial forces, 
served in the Cretaceous of Colorado. All the geological evidence points to rates of denuda- 
On the authority of Geelmuyden, Blytt states that | tion and deposition in the past which may, on the ave- 
the precession period should theoretically have been | rage, have been greater than the average rate at pres- 
relatively short in earlier geologic eras, because then | ent, but which were not on the average greater than 
the sala sotetiion was more rapid and the oblateness | the greatest rates at present. 
of the spheroid greater ; and to whatever extent this| The paleontologist now comes in. A study of fossils 
was true in Cretaceous time, the preceding estimate of | shows that there has been a gradual development, 
twenty million years should be diminished. sometimes more quickly perhaps, and sometimes more 
That the logic of this discussion may be quite clear, | slowly, but on the whole a continuous development of 
some of its leading points are briefly restated. Certain | animal life in the past. We believe from all our study 
parts of a shale body are found to exhibit a rhythm of | of nature that the development has been continuous. 
sedimentation, the cycles of deposition being repeated | As more and more strata are studied, many of the ap- 
in from eighteen to thirty-three inches. After making | parent discontinuities are being converted into con- 
certain allowances, the average unit of deposition for tinuities. Now even in the lower parts of the Cam- 
the whole body of shale is assumed to be four feet. | brian Brachiopoda are found. Biologists tell us that 
From the regularity of the sedimentary rhythm and in all probability these were gradually developed from 
the large number of its cycles, it is assumed to have! creatures like worms ; their struetures are sufficiently 
been occasioned by a regular rhythm of conditions. | complex for us to know that the time taken to develop 
The cycle of deposition is correlated with the preces- | the Brachiopod from the worm may have been as great 
sion-perihelion cycle—because this alone, of the various | as the age of known fossiliferous rocks. There are many 
cycles known to the writer, appears competent to ex-| rocks, evidently sedimentary, enormously older than 
plain the phenomena. In discussing ifs competence, | the Cambrian, and when laid down there was certainly 
the ability of the precessional cycle to produce climatic | water on the earth, and hence it was neither too hot 
oscillations is postulated without argument (because it | nor too cold foranimal life. In these lower formations 
has already been treated at great length by others), and | there are conglomerates containing pieces of still older 
ways are suggested in which climatic oscillations might | rocks. Although in pre-Cambrian strata traces of ani- 
result in the observed cycle of sedimentation. Assum-| mal remains are said to occur, we may say that the 


ing that the general inference is valid, the specific esti- 
mate is qualified chiefly by the uncertainty in passing 
from those portions of the sedimentary column where 
rhythm finds expression in the alternate abundance 


and searcity of lime carbonate to the other and greater | 


portions of the column from which lime carbonate is 
nearly absent. This uncertainty is believed to be rep- 


resented by the number 2 as a factor of safety ; that is, | 


the true period may be either twice or only one-half 
the estimated period of twenty million years. 
G. K. GILBERT. 


[From NaTuRE.] 
THE AGE OF THE EARTH.* 


Int health has hitherto prevented my making the 
comments which seemed called for by rd Kelvin’s 
fnendly article of March 7, in reply to wy communica- 
tion of January 3. Perhaps | may be allowed not 





merely to restrict my remarks to this article, but to | 
deal more generally with the subject, in the hope of | 


clearing away the misapprehensions which exist be- 


tween modern geologists and paleontologists, who are | 
no longer uniformitarians, and physicists who are rep- 


resented by Lord Kelvin. 
- The arguments as to the age of life on the earth are 


based on considerations of (1) geology and palwonto- | 


logy ; (2) tidal retardation and shape of the earth ; (3) 
the cooling of the earth from an initially hot condition; 
(4) the age of the sun. 

(1) From geology. Leading geologists declare that 


the great thickness of sedimentary rocks created since | 


the Lower Cambrian, which are almost the oldest fos- 
siliferous rocks, can only have been produced during 
many millions of vears. 

It is difficult to get geologists to give even wide limits 
for the age of the Lower Cambrian.+ Their calcula- 
tions are based not upon the rate of accumulation of 
sediment in one of our quiet oceans, but upon the rate 
of degradation in valleys where the rate is greatest at 
the present time. They make this declaration, think- 
ing that for the last thirty-three vears it has been au- 
thoritatively declared by physicists that such an esti- 
mate is absurdly great. I have no doubt that they 
have done their best to keep this estimate as low as 
possible, for they have a great interest in making geo- 
logical theory agree with physics. Some physicists 
tell them that the flaw in the geologists’ reasoning con- 
sists in their not taking into account the much greater 
tidal actions of the past. When tides rose and fell 
many hundreds of feet, and swept over tens or hun- 
dreds of miles of foreshore, there must undoubtedly 
have been a more rapid formation of sedimentary rock 
than anything of which we now have experience. The 
geologists’ answer is: We acknowledge that all nature's 
actions were on tke whole, possibly, more intense in 
the past. We know from Prof. Darwin’s development 
of Prof. Purser’s theory that the moon was undoubt- 
edly nearer the earth in paleozoic times, and the tide 


than the limestone, so that in the great bodies of shale, influence was therefore greater. But there seems to 


Something more than 2°7 feet of sedimentation should 
be correlated witha unit of the time seale. It is more- 
over true that certain portions of the shale are of 
different type from those associated with the limestone. 
This difference does not find definite expression in the 
chemical composition, but appeals to the eye. All 
shales near the calcareous passages are pale gray ip 
color, while there are important beds in the upper and 

wer portions of the Benton series and in the upper 
part of the Pierre series which are dark gray. These 











Constitute about one-tenth of the entire series. It is 





* In this paper free use has been made of many suggestions from Prof. 
Fitzgerald 


+ Their data are of this nature: Of fossiliferous rocks, successively 
formed the total ae ge be taken as not less than 80.000 feet. Over 
the areas of the besins drai by many rivers the rate of adation is 
known with sufficient accuracy for ximate calculation. 
of the Mississippi a thickness of one foot of rock is removed in 6,000 years; 
the ges, 2.358; the Hoang Ho, 1,464; the Rhone, 1,528; the Danube, 
6,846 : Po, 729; the Nith, 4,723 (Sir A. Geikie, Geol. Soc. of Glasgow, 
1868). Ihave Leard that Prof. Sollas demands less time than other geolo- 
gists ; bat since this paper was written, | have seen (Natore, April 4) that 
even he does not care to put the age of the Lower Cambrian at much less 
than 17 million years, 





oe nemcaguenne sare record is almost lost below the Cam- 
| brian, most of the earlier rocks having been subjected 
| to great metamorphic action. If we keep to our prin- 
ciple of continuity in nature’s actions, we see that the 
first inning of life must have taken place at a date 
many times earlier than the very earliest geological 
record. 

But the most experienced geologists and paleonto- 
logists state that they are satisfied with a few hundred 
million years as the possible age of life or the existence 
of water on the earth. 

(2) The considerations drawn from tidal retardation 
are as follows: 

(a) The shape of the earth now is the same as its 
shape when it solidified. (7) The shape of a liquid 
earth tells us its rate revolution on its axis: tiere- 
fore we know the rate of revolution of the earth on its 
axis when it solidified. (vy) Assuming that we know, 
with a fair amount of accuracy, the rate at which the 
length of the day is altering, we know the date of the 
earth’s solidification, and certainly this is later than 
1,000 million years ago. 

When I referred to the fallacy in this argument, I 
did not know that it had already been pointed out by 
the Rev. M. H. Close and Mr. Clarence King and Prof. 

| George Darwin. It lies in the fact that (a) is certainly 
wrong. A solid body like the earth will, under the 
-action of great forces, alter its shape in time, Such 
alteration is continually going on. Again, (7) is very 
doubtful. 

; (3) Lnow come to the considerations from the cool- 
ing of the earth. Lord Kelvin proved that, if the 
‘earth was once at a uniform temperature of 7,000° F. or 
3,870° C., of material the heat properties of which are 
the same as the average of three rocks experimented 
upon at Edinburgh—these remaining constant through- 
out—and if the rate of increase of temperature down- 
| ward in the crust is now 1 Centigrade degree for every 
90 feet, 100 million years have elapsed since cooling be- 
|gan; but there is a possible maximum of 400 millions. 
| In the article on this subject, published in Nature, 
| January 3, 1895, I showed that, if we assume greater 
| conductivity in the interior than at the surface, we in- 
| crease this limit of age. 1 took a number of examples, 
which could be worked mathematically. I did not pre- 
tend that any one of these represented the actual state 
|of the earth. They merely proved that there were 
, possible internal conditions which might give enor- 
| mously greater ages than physicists had been inclined 
'to allow. Of my various results, I did not give one as 
| more correct than another, although some may have 
'seemed more probable than others. It was not my ob- 
ject to obtain a correct estimate. Indeed, I tried to 
show that it was impossible for a me to obtain 
| such an estimate, as there were all kinds of possible 
| assumptions which led to many different answers. 

The validity of my reasoning in uo degree rests upon 
| the accuracy of R. Weber's results as quoted by me. 
| Indeed, | only discovered these results when writing to 
Professor Tait. In Nature, February 7, p. 341, I have 
shown the extent to which the possible limit of the 
earth’s age is increased if k and ¢ increase with tem- 
perature and k/c remains constant. Bat I published 
this as an interesting mathematical result, and was 
eareful toadd: ‘It must be understood that my con- 
clusions are really independent of whether R. Weber's 
resuits are correct or not.” It is comparatively unim- 
portant, but R. Weber has published another set of 
results which confirm those which I quoted. The re- 
sults, published on March 7 for the first time, differ so 
utterly from the two previous sets, that I venture to 
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think there may be mistakes in transeribing. However 
that may be, I aim not concerned either to support or 


refute them. 

1 mentioned the possible great quasi-conductivity 
due to the interior of the earth being a honeycombed 
mass containing liquid, and to the possible greater 
conduction due to the presence of iron and other 
metals. Almost anything is possible as to the present 
internal state of the earth. Dr. Ramsay seems to think 
that there must be great quantities of sulphides inside, 
and these would probably be much better conductors 
than the surface rocks. 

Professor Schuster, in discussing the diurnal varia- 
tion of terrestrial magnetism (Phil. Trans., 1889, p. 467), 
comes to the conclusion that the electric conductivity 
of the earth must be considerably greater inside than 
at the surface. 

In all probability there are no great masses of liquid 
inside the earth at the present time. but it is quite 
possible that until recent times convection in sach 
inasses may have been conveying heat from the very 
inner earth toward its surface, and the latent heat 
given out by such masses of liquid as they 
solidified would be another potent faetor. Some dis- 
tinguished geologists say that the excessive folding 
which has occurred on the earth’s surface cannot be ac- 
counted for by the current assumption of physicists, 
which involves the result that, practically, no cooling 
has yet taken place below the depth of 120 miles; my 
assumption is that cooling has taken place to much 
greater depths. 

All these things, like the numbers published by R. 
Weber, support the argument if they are correct, but 
they do not in any way destroy it if they are wrong. I 
was not looking for a probable age of the earth from 
the point of view of mere physies. I wished to show 
that the physics’ higher limit was greater than a few 
hundred of millions of years. 

Mr. Clarence King’s paper appears somewhat incon- 
clusive. He assumes, possibly rightly, that the earth’s 
crust may have the properties of diabase ; experiment 
has shown what is the rate of increase of the melting 
temperature with increase of pressure of this rock. 
Laplace’s hypothetical law of increase of density 
downward in the earth cannot be very wrong, and 
from this a law of increase of pressure downward may 
be formulated. From these data Mr. King finds what 
are the temperatures at various depths, which, if ex- 
ceeded, would mean liquidity. A liquid layer inside 
the earth’s crust being assumed to be impossible, Mr. 
King, trying all sorts of Kelvin solutions of a solid 
earth of uniform conductivity and uniform tempera- 
ture, initially finds a maximum age of 25 willion years, 
the initial temperature being not greater than 2,000 
C.! Furthermore, higher initial temperatures are not 
possible ! 

Now it is evident that if we take any probable law 
of temperature of convective equilibrium at the be- 
ginning and assume that there may be greater con- 
ductivity inside than on the surface rocks, Mr. King’s 
ingenious test for liquidity will not bar us from almost 
any great ape, 

(4) There remain, lastly, considerations 


the age of the sun. On the assumption that all the 


energy possessed by the sun was that due to the mu-| 


tual gravitation of its parts, and that the sun is now 
of uniform density, Helmboltz found that the sun may 
have in the past radiated as much as 22 willion times 
his present annual loss. Langley found that the sun’s 
present rate of radiation was underestimated, and the 
statement of Professor Newcomb may be taken as that 
of Helmholtz, corrected. Newcomb says (‘‘ Popular 
Astronomy,” p. 523): “If we take the doctrine of the 
sun’s contraction as furnishing the complete explana- 
tion of the solar heat during the whole period of the 
sun’s existence, we can readily compute. . . . It is 
thus found that if the sun had, in the beginning, filled 
all space, the amount of heat generated by his con- 
traction to his present volume would have been 
sufficient to last 18 million years at his present rate of 
radiation.” 

Lord Kelvin pointed out (pp. 364 to 365, vol. i, ‘‘ Pop. 
Lectures”) that Helmholtz had assumed a sun of uni- 
form density, whereas the sun’s density must increase 
very much toward his center, and as a result of caleu- 
lation on the assumption that only balf of the original 
energy was available (p. 374), that the radiation was 





pass nearly through the center of A (as the sun has a 
comparatively small moment of momentum), and this 
was very improbable if the bodies had initial velocities. 
But this argument is only satisfactory when the bodies 


us imagine in early times a sun of half the mass of the 
present one,but of many times its diameter. It is 
possible that its radiant energy was supplied by me- 
teors. If the meteor feeding was in excess, the sun be- 
came larger in volume. If there was too little meteor 
feeding, the sun became smaller. Even if there was a 
very excessive supply for a short time, say by the in- 
coming of a huge metevor, we need not assume exces- 
sive radiation in consequence. Such meteors en | 
have come from stellar space with great initial veloci- 
ties, and may bifve possessed before collision many 


|meteor of the #&Ame mass would possess.* If there 
were many such meteors, their paths might be 
enormously out of line with one another and with the 
center of the sun, and yet we need not imagine them 
to alter much the moment of momentum of the sun 
about its axis. If we look for the probable age of the 
sun as deduced from mere physics, we ought to take 
Helwholtz’s condition of mere mutual attraction, the 
| Helmholtz calculation being corrected of course for 
reater internal density: but if we look for a higher 
imit to the age of the sun, it is difficult to see why we 
may not multiply Lord Kelvin’s total energy and age 
of 500 million yeara. 
| Again, the ages determined by Von Helmholtz, Prof. 
Newcowmb, and Lord Kelvin are given on the uniformi- 








|tarian assumption that the sun has been radiating | 


|energy always at his present rate. If we may imagine 
| that for long periods the sun radiated at a smaller rate, 
| whether because his mass was smaller or because of 
his atmosphere, we again have an increase to the calcu- 
lated age. Prof. Newcomb seems to have noticed this, 
and to meet the objection (p. 525, “‘ Popular Astrono- 
iny”) he says, that ‘“‘a diminution of the solar heat 
| by less than one-fourth of its amount would probably 
|make our earth so cold that all the water on its sur- 
face would freeze, while an increase by much more than 


one-half would probably boil the water all away.” On| 
account of this exigency, indeed, he reduces bis pre- | 


vious estimate in the ratio of nine to five. This state- 
ment ought to have the carefal consideration of men 
who know more about astronomical physics than I do. 
| It means that if the earth were now 15%¢ per cent. fur- 
| ther away from the sun, there would be no water and 
| no life, only ice; and if we were 18°4 per cent. nearer 
ithe sun, there would be again no water and no life, 
lonly steam. It becomes an important question, Is 
there no life, is there no water, on the planet Venus, 
which has twice our solar radiation? Is all its water 
|in its atmosphere as steam? Again, Mars has only 40 
per cent. of our solar radiation; is there no life, no wa- 
ter, only ice, upon Mars? I have no right to speak on 
such a subject, but I understood that the atmosphere 
of Venus was much like that of our own planet, and 
that the water of Mars is not all ice, for his polar snow 
caps are seen to melt in summer. True, they may be 
‘ read 


that the} 


green color of vegetation had been observed to appear 
and disappear regularly on the planet. If there is lit- 
| tle water on the surface of Mars, I should imagine that 
this is rather due to its having soaked into the crust, 
which is probably colder under ground than ours, 
Prof. Newcomb has evidently not thought of Mars 
in this connection, for elsewhere he says: “If there 
are any astronomers on Mars...” On this question I 
venture to quote Lord Kelvin, who said, in 1887 (‘* Pop. 
Lect..” vol. i, p. 376), that ‘‘the intensity of the solar 
radiation to the earth is 644 per cent. greater in Janu- 
ary than in July ; and neither at the equator nor in the 
northern or southern hemispheres has this difference 
been discovered by experience Or general observation 
of any kind.” It is difficult to imagine that if the 
effect of 64¢ per cent. cannot be detected, 25 per cent. 
should convert all the water to ice and destroy all iife. 
Even if a small diminution of the solar radiation 
produced a very cold climate on our present earth, we 
| must remember that the earth’s atmosphere may have 
| been very different in the past; the earth may have 
| been very greatly blanketed, and the surface may have 


|been actually warmer, although there was much less | 
solar radiation, That the atmosphere is far more im- | 


coming together are two in number. For example, let’ 


times the kinefié energy which a mere solar system | 


have good reasons for demanding much yreatep 
I see nothing from the ertaes point of view 
denies them four times the greatest of these 
| JOHN 
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greater in the past, and that the original collisions oc- | portant in this connection than the amount of solar | - 
curred practically simultaneously, he says: “We may |Tadiation, is evident yf we consider Langley’s deter-| A Catalogue of Valuable Papers contained in SF 
therefore accept as the lowest estimate for the sun’s; mination that in the pics, if there were no atmo-| gwrtrit” AMERICAN SUPPLEMENT during the past tea 


initial heat 10,000,000 times a year’s supply at present | sphere, the temperature of the surface of the earth 
rate, but 50,000,000 or 100,000,000 as possible, in conse- | would be —200° C. Any addition to the quantity of air 
quence of the sun’s greater density in his central |in our present atmosphere means an increase of the 
parts.” And again (p. 375): “It seems therefore, on} temperature of the rocky surface. But in the past, 
the whole, most probable that the sun has not illu-|not only may there have been more atmosphere, but 
minated the earth for 100,000,000 years, and almost |there way have been a very different kind of atmo- 
certain that he has not done so for 500,000,000 years. |sphere. Again, we must consider a possible great 
This last number, then, is Lord Kelvin’s higher limit, | amelioration of climate due to the earth’s internal heat. 
After six years, in 1868, Lord Kelvin returned to the | It could not occur by mere conduction, but it is quite 
question, and he says (p. 58, vol. ii, ** Pop. Lectures and | possible that for many millions of years there was 
Addresses”): “ The estimates here are necessarily very | great blanketing by clouds of watery vapor, and that 
vague, but yet vague as they are, 1 do not know that | underneath these blankets half the surface of the globe 
it is possible, upon any reasonable estimate, founded on | may have been a lake, or a number of lakes of melted 
known properties of matter, to say that we can believe | lava, which may have carried large amounts of heat 
the sun has really illuminated the earth for five hun- | conveetively from considerable depths, this heat again 


dred million years.” 

In his R. lL. address of 1887, Lord Kelvin gave no 
higher limit. I think that, on his speeified assump- 
tions in giving these large numbers, he has been very 
generous ; for, taking Mr, Homer Lane’s determination 
of the internal density of the sun, I find that the 
Helmholtz total energy meed only be multiplied 
about 24g. If, however, imstead of taking, as Ma 
Lane did, 14 as the ratio of specific heat, we take a 
less number, and there is no reason why weghould not, 
we find much greater densities toward , and 
a much greater total energy 
that it is only when we 










mp- 
tions that we ean see our way to Tnerease the higher 


limits which have been quoted. 

To justify the Heluwholtz hypothesis of mere mutual 
attraction, initially, between the portions of matter 
which form the sun. Lord Kelvin (‘‘ Pop. Lect.,” vol. i, 
pp. 411-3) dwells upon the great improbability that 
any parts of the sun possessed much initial velocity. 
He shows that if two bodies, A and B, came together 
to form the sun, when the bodies were still far apart 
before collision the motion of the eenter of B relatively 


| being carried about convectively by the earth’s atmo- 
sphere, keeping the solid parts of the earth’s surface in 
a fit state for the existence of low forms of animal life. 
It is possible that at the present time the surface of 
Jupiter, which receives a very small intensity of solar 
radiation, may have solid parts surrounding watery 
lakes and oceans capable of supporting life because of 
the-existence of many lakes of melted lava. 

To sum up, we can find no published record of an 
lower maximum age of life on the earth as caleulat 
by physicists (I leave out the estimates based upon the 
assumption of uniform density in the sun, and also 
that of Mr. Clarence King) t 400 willion years. 
From the three vargaments, Lord Kelvin’s 
limits are 1,000, 400, and 500 million years. I 
have shown that we have reasons for believing that 
the age, from all three, may be very considerably 
underestimated. It is to be observed that if we ex- 
clude everything but the arguments from mere physics, 
the probable age of life on the earth is much less than 
any of the above estimates: but if the paleontologists 








* The velocities of stars are probably much lees than the possible veloci- 
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